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+ In several lessons the children ^^•ill need space for foot and 
car races-: The best place for thes^ races is the gymnasium, 
but.sclnfie races' can be held. outdoors or in the classroom, 

,^The lessons are liste.d here so that you can make arrange- 
ment^ for the* races and schedule the use of the gymnasium ; 
ahead of time. , ' a 

, X Footraces: Lessons *2; 8; 9 and TO* 

Car races; Lessons I I ,. 14, 15., 18 and 19 • 
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INTRODUCTION 



Unit 25 relates the graphs of motion at a constantp speed to 
;multiplication. The- children begin to explore motion through 
a series of foot races. They time themselves running and 
hopping, and measure the distance covered at the end of five 
seconds. Through these races they become familiar with 
some of the problems involved in measuring spaeds. 

The data obtained from the foot races is analyzed by stating 
it in time^distance ordered pairs arid graphing it on grids. 
V\^hen the graphed data is compared to the data as it was^ 
first collected/ the children see the value of using graphs to 
* represent andF compare data. ^ \ 

--Once the data has :been graphed ^ the children find' they ^an 
^ compare the relative speeds of two or more runners by com- 
paring the steepness (slopes) of the lines representing' their 
motion. The children discover that the-steeper^the slope of 
the line, the^f^ster the runner • ^ 

In Section 2 the class uses toy cars to study motion. They 
collect data on the cars when they are going at full s-peed and 
also when the cars have been'slowed down. The motions of. 
the cars are graphed and the children learn how to name the 
slopes of these lines by assigning each one a nymber. The 
slopes (or speeds) can ncwbe compared by the size of their 
/assigned numbers, ' - , - 

The relationship of .multiplication to constant speed motion 
is made obvious when- the children- examine the increase in 
the slope of a line. The steepness of the. line increases by 
the same number of grid unit^ from one grid intersection 'that 
the line passes through to another, ThisMrlcrease is the same 
as the slope name, ThecHildren find. that when the slope 
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name is a whole number of units up^per one unit over, they 
• can multiply by thi9 number using a line with that slope and 
numbers on the horizonta-l axis of a grid. The product is 
read from the vertical axis. From this relationship a chart 
with slopes one through nine is developed. The children use 
this chart to find the products of .integers_.from zeYo through 
ten, ' * " ' 

In the last section the children r^eview some embodiments of 
multiplication other than slope. Their work with repeated 
addition and arrays serves both as a review and as prepara- 
tion for Unit 27, They also explore the relation between 
multiplication and Cartesian products. Card g^mes and dice 
gam^es reinforce the relations among arrays^ repeated addition 
sentences and multiplication sentences and'alsb provide fun 
ways' to practice the multiplication facts. 
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-SECTION 



FOOT RACIJvIG AND GRAPHING 





PURPOSE 



To deveJop an understanding of speed as a relationship between 
time and distance". — — ' * \ 

To introduce the idea of siope as a way to represent and com- 
pare speeds* 



COMMENTARY 



The first^aeation^ this unit introduces the chiidren to the study 
of^motion. They plot time-distance data (speed) and interpret 
graphs of this data as showing faster and slower speeds'. They are 
int'roduged to the idea of the slope „of*"a graph and discover that the 
steepness of. the sloae indicates relative speed: the steeper the 
slope the greater the speed, / 

In Lesson I you-and the children prepare the equipment they will 
use in the foot racing lessons. You introduce the racing procedures 
and the recording techniques. The children learn the jobs of team 
rhembers. - ^ *• 

In Lesson 2 the children practice the funning and reccSrding pro- ^ 
cedures. Each child runs at least once and his datum (dista^nce 
covered in five seconds) is recorded. The children practice until 
you are sure they understand the procedure so that in subsequent 
lessons", when th.e children race again, they can concentrate on 
getting accurate time-(^stance data. • * ' 
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Lesson 3. re views plotting 'pointg on a gridv.%4. writing ordered pairs 
for points already labeled on a-grid; SinceHhe children have done 
this in Unit 24,' the lesson should" not take much time'.. The lesson 
is included here .because. in following lessons the children must 
know how to graph their own time-distance data from^ foot races 
and, ih Section 2, from car races, " , >• - 

Les'son .4 includes two games that .give practice in plotting points 
on a grid. The games' can be introduced in -class and theri played 
by the children throughout the school year, and especially through- 
out the remainder of the unit. " , • 

Lesson 5 deals with the value of graphing data, specifically height 
and weight data that is provided. The children discoverthat th§y 
can tell easily who is- the tallest, heaviest, etc. when the data is 
plolted^on a grid, whereas it is not so easy to answer such ques- 
tions when the data ig given in the form of ordered p^airs. 



Lesson 6 involves plotting time-distance data. The children dis- 
.cjuss^a. meaning of phrases denoting^^peed,- such as "four miles. 
per hour! " The class discussion and worksheets involve th^ 
interpretation of constant speed data. ^ 



In Lessoa7 the children again plot linear (constant speed) time- 
distanee^data. The idea ot slope and*" its meaning are introduced^ 
The children Interpret a steeper slppe on a graph as an indication 
of faster speed, 



In Lesson 8 the^children run races for a fav.e- second time duration, 
, j:he%.ea.ch child plots the data for three of hlS^eam^nembers: the 
fastest, tbe slowest and one other child. As a class tfie^ohiidreri 
discuss these, graphs, answering such questions as "Who is the ^ 
fastest ruriner?.. Who is the second fastest girl runner? " 
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The children run another race in Le'ssogt 9 /.this time recording.the 
distance of each roayier at one, two, three, four and five seconds. 
Wi\en this data is plotted and the points connected, the children- 
see that each graph has an approximately constant slope indicating 
that a child ran at about the same speed for the^entir.Q five seconds, 




In Lesson 10 the children run races lii which the speed is not con- 
stant. The procedure suggested involves iiaving a ciiild hop for 
three seconds'' and 'then run for three seconds. Again the .time- 
distance data for each child is plotted, but this time the graph is 
not a straight iirie. The children see that the st.e^epness, or slope, 
of the graph varies. The first three seconds show a less steep 
slope than the last three seconds, indicating that a child did not 
go as fast the first three seconds. 
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Lesson I: ORGANIZATIONAL LESSON 



-"iti-^his^es-soir-thecla^s prepares for work in subsequent 
lessons by s'e.tting up the equipment;, and going over the 
prodedures for the foot) races which they will begin in ^ 
Lesson 2% / > ' ' 

The class' will need four pendulums and four measuring 
^^strings for the car races in later lessons* Though only two 
pendulums and -two strings are needed for the foot races, you 
wijl probably want ^the children to make four of each now,, .and. 
set the extras aside for use in Section 2.. 

There will Be four teams. Two teams, work together to learn 
to rijji^tima^> judge and record data jEor, the f&ot races. In 
'Lesson 2,, the class practices the races in the gymnasium •'^ ^ 
Since Lesson 2 should be done while the race procedures, are 
still .fresh in the children's minds;, you may want to do Les- 
son I in the inorning and Lesson 2 in'the afternoon* 

By developing,- in this- lesson, the .skills needecNin ±he races, 
the children will be able to concentrate more on thb^ study of 
motion in the lessons that follow, -They will begin to un^er- 
stand that in determining speeds, data about distance'? and 
times must be gathered. . ' [ ' / 
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- roll of masking tape 

- 4 measuring strings , each 42* ion'r'^ 

- red marker and blue of black marker 

- Worksheet I 

. — for pendulums — 

- 4 foot rulers 

- 4 thumb tacks ^ 

- 4 paperclips, T'Jong 

- 4 pieces of string, 12" long ' 
4 lead weights for the bob ^^^^ 

chairs \ % 
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PREPARATION ^ . '-■ . , > 

The prpcedures for inaking the pendulums and measur<ing 
strings are explained here. You should have one of each 
ready to show the class when y6u begin the lesson. You 
may wish to have volunteers help you make all of them at 
one time, or you may wish to "assemble the equipment in 
class. ^ . 

If you have not already done so, arrange for the use of the 
gymnasium or other large area for subsequent lessons. (See 
. the lna{errars"*-li*st at"the* beginning of this unitj, ^ 

To make the measuring strings, use a piece of string slightly 

* longer than 40 feet for each one. Mark off each string at ^ 
six -inch intervals,, using a red felt m'arker for the. foot marks 

* and a black or.blue marker for the half-foot marks. - Attach a 
piece of masking tape e very five feet, labeled with the proper 
numeral: 0, 5, 10, 15, etc.. ^ ^ 




Worksheet 1 shows how to construct a pendulum. If you 
arp doing this in class, have the children turn to the work-r 
sheet in their student manuals. . . 

" • Attach a lead sinker, or other small weight such as a nut, 
to one end of a, 12-inch string. Tie the other end of the 
string to a one-inch paper dlip and eedjust it so that the 
entire length of the pendulum, including the paper clip and 
the bol>, is 10 inches. This will make the period (time 
for one ebmplete swing) of the pendulum about one second. • 



Worksheet 1 
Unit 25 



Name. 



Ruler 



Pendulum Construction 



— ...i 



10"^- < 



i Thumb Tack 
Paperclip 1" 

"String " 



^ Lead Weight or Bob 




Procedure For Starting Pendulum 
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Count in? 2, 





(O^ne complete swing 

tpr each count) 
2, 3, 4, 5, 6, 7 efc. 



In order that the bob can swing freely without hftt£ng anythirig 
and at the "same time be portable, the supporting ruler should 
be extended from the seat of a chair with the>^nd held down . 
by masking tape.. The r\aler should not extenii jnore than three 
inches beyond the cKair seat, thus ^avoiding the tendency for 
it tq vibrate as thj§"pendulum' s wingrs. 7*^^ • . - 



PROCEDURE 



Activity, A 



To iriake the children aware of the need for the measuring 
techniques they' are going to practice in this lesson,.use 
questions like those below to stimulate discusstoja. The 
children should begin to associate distance and time dura- • 
tion with speed. * This activity should take about ten min- . 
utes. 

( 

cAsk the class: ' ^ 

* « ' . ^ * ** 

WHAT DO WE MEAN BY SPEED^ (How fast something goes.) . 
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CAN ANYONE TELL AB6uT A TIME WHEN THEY TALKED 
— ABOUT.SPEED OR WHEN THE^ HEARD SOMEONE TALKING 
ABOUT SPEED? I(When J rode a car, during a space 
flight.)' . ' . 

HOW fAST DID THE CAR -^-SPACESHIP — GO? (60 miles 
per hour, 1 5, 000 miles per hour.) 

If the- child daes' not include a phrase like. miles per hour in 
his answer, say:,. 

. IT WENT SIXTY — SIXTY -WHAT? (Sixty miles pef "hour.) 

■ • . ^ r \ : 

WHAT DOES SIXTY MILES PER HOUR MEAN? (If would go 
. sixty miles in one hour.) 

HOW FAR^COULD A SPACESHIP" do IN ONE HOUR AT 
15,000 MILES PER HOUR? (^5^ 000 miles .) 

WHEN WE TALK ABOUT 

^^^^^^^ ^A^E i 

' HOURr'N so WHEN WE TALK ABOUT SPEEDS, WHAT MEA- 
SUREMENTSfDO WE. TALK ABOUT? (Miles and hours . ) 

WHAT D^WE measure IN I^ILES? (Distances-, length 
measitfements .) ^ ^ ^ s \ 

' WHAT DO WE 'MEASURE IN HOURS? (Time durations v , 
time measurement^'.)^ 

\l 

' THEN TO FIND OUT ABOUT SREEDS, \\rHAT DO WE HAVE 
TO MEASURE? (Distances and time durations.-) 

CAN ANYONE- THINK OF SOME OTHER UNITS BESIDES 
MILES WE COULD USE T'O MEAS^URE DISTAI^CES? (Feet', 
yards; centimeters; etc.) ' «.x ■. 

*^ * CAN ANYONE THINK OF SOME OTHER UNITS TBESIDES 
HOURS. WE CQULD USE TO MEASURE TIME DURATIONS? 
(Minutes; seconds; weeks; years; etc..) 

o. • . • , 

V WE SAID BEFORE THAT IW ORDER TO ?IND OU.T ABOUT 
SPEEDS, WE MUST MEASURE, DISTANCES AND" TIME . 
DURATIONS. COULD WE MEASUfIe SPEEDS IN FEfiT PER 



SSQ.OND OR YARDS PER WEEK iNSi^i^OF .MILES PER. 
HOUIJ? <LGt the children speculate .^They should see 
that the- important thing 'to Temember is ,th^t they measure 
distances. and tim'e durations • .It doesn't mattfef what 
* units triey use.) . ' • 

Tell the class that in, the next lesson they wiH-t>egin experi- 
ments to study speeds* ""Before they begin the races, they 
will Itearn how to measure distances- and time?. • 



• Activity B ' , ^ ^ . 

If you have not yet made fourVe^idulums and foW measuring 

strings, show the class the^xd,*empnstration striiYg and pendu- 

. » lum and.^^ye the chijdren make.the others^. * 

, • . - ■ * ' * ^" . \ . 

. ^ ' ft . • 

* \ ^ , When th6 equipment is ready, organize the children into four ^. 
' J ^ X^ams by choosing four captains who can select team members^ 

'\ . . „ " ;ijin rotati9n or l^k^ picking, the teams y 

Explain that^when the races are run in foll9wing lesspns,«two ^ 
team^{^ll work together on each track. The children ontQne 
' team^mll be the ruVipers^ while t^e children on the^ other team 
, . • will he. the officials. When all the Imemb^rs of one team.h^ve 
run, th^ teams will change jo|)s. 'Every child will be an offi- 
cial at some time, either in tlhls lesspn or future lessons. , 

. ' ' Hungers There v^ill be* seven\or eight children on each, team, 

but-only fpur will fun at one time.. While four chil- 
• ' ' ' dren of TeajpfA arqvunning , . the other Team^ A me'm- 
3 bers sit quietly by the side of the- track; *\ ^ . 



Den^Snstr^te hbw'tb use the pendulum* To -Jtatt the pendulum 
swinging' hold the ,bob ^between two 'fingers ^boul five inches, 
frbrn its rest position and release it by simply .opening the ^ 
fingers. Using too large a swing or pushing the bob may 
alter the period of the pendulum. Have the children "count # 
th^ swings wrth yofu until the procedure is clear. 

Timer ^ One child from Team B,(the team that is not running) 
will be the timer. He starts'his pendulum and, 
^ counts ita swings as if he were doing a count down 
•-for .a blast-offl He will sa^/'two** when he.releases 

^tlTe^'peHdUlum^ Vjpne!!^^^ first ^feturns to the 

releas^rpoitit, **'zero''"jthe next time it returns to 
the release'pointf and then "one," ''two/' etb. to 
"'seven" as Itn^eturns la the release point. ^ ^ / 




let, one child from eaob. team use the pendulum, and coun^ i^s 
•swings while the other. members from* the teams watch. Ke'mind 

eaph timer that he shQuld hold the bob no njore thap''five;j 
'jn'ches from the bottom o^ the swing w^eh he releases it aftd; . 
.that he; should ^^not' push, thej jDOb/ but ;&imply lp|t it go. , 



Starter One child from Team B will bring his arm down at 
the count of **zero-" just as the starter of an auto • 
race beings his flag down to sejid the cars oh 

' their way; (Later, when toy cars are used in ^ 
experiments, the starter will/lower the rear wheejs 

, of the car; to the floor when the timer says "zero/*} 

Choose- one child from eacli feam to be a starter. Let each 
starter practice bringing his aritJ down ^t'"i;ero". while' the 
-timer-from^eH'ch^t^am countsTfie^endulum swings. 




Judges. There vdll be one judge from Team B for each run-. 

ner of Team A, Each judge will marjc the location 

of the front toe of ^his runner (front of the car in 
later experiments) at the count of "five"* by^laying 
down a ruler at a right angle to the track. The 
* * ' judge will give the time interval and tHe distance 
run to the nearest half-foot (e.g, , *'5 seconds, 
28ifeet"), " ^ / 

'^hen the children run the race. in the next lesson, a few * 
trial runs will necessary' to position the' judges at the 
approximate spot wh^e most runners -will be at the count, 
of I'fiye." . 
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Lay out part of the measuring string on 
the classroom floor and let one child ^ 
serve as runner and ona as Judge. Let 
the runner Wlk a short distance and 
have the Judge demonstrate how. to 
mark The distance with the ruler. (See 
note on page 14.) 



. Recorder One child from Team B will keep track of the run- 
ners from Team A. He will record the location of 
each runner and the count ^vhen that location was 
marked. 



f Discuss the information 
f for thq recording sheets 
and ask the recorder from 
each team to cjevelop a 
sheet to be used in the • 
. next lesson. This sheet 
can be similar to the one 
* or^^ the next page. 
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Tpam 


* 

Date 




3 


Recorder. 








Name „ 


< Distance from ^ 
c Start (feet) 

r 




'Time 
(counts) 










< 







Note: -Caution the judges^ not to trip" the runners When they 
.lay down' the rulers . Each judge will have to watch c%re- 
' fully where the runner -is at^counf"fiye" because the runner 
keeps running totfie end of the track. " 

^ ■* ■ . 

Feel free to, i^se as much time as you consider necessary to« 

develop 'these procedures before going on to the next lesson. • 

^You may want to have the children practice their jobs in the 

classroom before going to th^ racing' area. ^ 
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Lesson 2: PRACTICE RACES' 



In this lesson, the chiidren will practiae timing and marking 

.a^race for^a .tiirte^interval- of five-seconds. -*Each'^xrdg^e'^ill~' 

mark the distance covered by one runner in that time interval. 
Some of fhe children may begin to realize that wRen runners 
^ move for the same time interval, the one who covers the 
greatest distance^ moves the fastest, though this will not be 
, developed, until later' lessons / - ^ ' ^ 



MATERIALS * ; . / 

- space in the gymnasium or outdoors ' 

— equipment to take to the racing area 



2 pendulum assemblies 

recording sheets and pencils 

2 measuring strings 

8 rulers 

mai^king tape 

2 .chairs for pendulums ' 
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Before going to the gymhasiym or outdoors, plan the practice 
^a<3es^with-y our^Gias St— Keep4n-mind-the- f ol-l^ 
as the .plans are ^ade: . * 

\ . Two teams are involved with each race: one team^provides 
the officials , and members of the other team are runnets. 
When all members of orfe team* have raced, the teams ex-; 
change roles . Have two tracks set up so that all four 
teams, are involved; - 

2. To~ensure more accurate results, ojnly four children from a 
team should run at the same time. The other children can 
-sit on a warm-up be"fiich.. Thus there will have to^ be more 
.than one heat for each team. . ^ 

3. All runners on the same team should start from the same 

■ * starting line, starjf at the same time, and run in the same 
direction — parallel' to the niarking string which is taped 
to the-floor. . 

TTThe judges a runners should be numbered and arranged 

* so that Judge I can mark Runner I / etc. Be sure that ^ 
each judge has a chance to mark. at least one runner,. . - 

5. The runners should start when the starter drops his arm 
and keep running to the end of the track. ' . 

. 6. fheir positions should be marked by the judges when the ^ 

* timer calls "five:" • ^ 

7 . The, distance run-by each runner is recorded 'by the re^ 
• * corder who goes to. each judge to' get the .infortnatipn. 

8. A diagram on the chalkboard (similar to the one on the 
next page) will help the children to visualize how the- 
r.aces are to be run; , ■ • . . . < .j 

When the children have the proc^ure clearly in mind, gather 
up two pendulum assemblies, two-chairs, several recording 
sheets and pencils, two measuring strings, eight rulers, and 
a roll of- masking tape. 



.Timer 
(Team B) 



'judges I and 2 
(Team B) 



0) 

c 



/ 




Measuring 



stxing ' 



4 



,) 



Starter 
^ (Team B) 



- Judges 3 and 4 
(Team B) 



Team A runners 
5,6;7 and 8 ' 
sit at side. . 



Recorder (Team B) 



^ In the gymnasium", the measuring string should be taped to 
\^ the floor at^both ends so that it is taut. A starting line, 
long- enough so that all four runners can stand by it without 
being crowded, should^be made of masking tape perpendicular 
to' the measuring string.^ 

When the timer has his pendulum in place and the Judges have 
been given rulers and stationed properly, let the^children 
practice a few races. Each team should get a chance to act 
both as officials and as runners. Be sure the children run 
enough times so that they are familiar with*the running and 
^ recording procedures. Explain to the children that these 
procedures will be used again in Lessop 8 and ''similar procer 
dures will be used in other .lessons involving ioot races and 
car races. They must understand how to run and record their 
data now so that the. next time they race they can concentrate 
on^e experiment involved rather than the set up and recordinc 
techniques. . ^ ' ^ \. 
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Lesson 3: ORDERED PAIRS AND POINTS ON'A'GRID 



This lesson reviews and gives practice in plotting p'oints on 
a^grid and assigning ordered pairs, to points on a grid. The 
amount of time you should spend on this le,sson will* depend 
on how much your class remembers^a bout' ordered pairs and 
' points on a grid from Unit 24. 



MATERIALS' 



— overhead projector or chalkboard grid • ^ . 

>^ * 

— transparency of grid.on pages^ 19-20 and transparency of 
Worksheet 5 in student manual 

— ruler or other straightedge.^for each child " 
-r Works'heets 2 through 8 - 



PREPARATION . - . 

Make a transparency of Worksheet 5 from the student manual 
and of the grid on pages 1 9-20 of this manual. (The grid 
transparency will be used in several lessons, sp you may 
want to make r^&re than one.) Have the overhead projector 
ready. If you dq^ndt have a projector^ you can draw the grid 
" on the chalkboard. 

.PROCEDURE \, • . ■ « 

" Activity A I ^ ' ' 

\* , ' 

Ask the children to recall what they know^about ordered pairs 
and plotting ordered pairs on a grid. Emphasize that the or- 
der of the numbers in the pair is important. Illustrate this by 
plotting the^ordered pairs (3,6) and (6/3). (3;e) means "over - 
3 and up 6." Locate this point on the grid. (6,3) means . 
"over 6 and up 3. " Locate this, point on the grid. . (3,6) and^ 
(6r3) name different points., on the grid. 

' ♦ * 

Have different children come to the overhead and locate the 
points that correspond to the following ordered pairs: 

(3,2), (1,5), (5,1), (9,4), (8,9), (4,7)', (7,4). * 

Have them write the ordered pair next to the point on the grid. 
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Activity B - . - . 

' - , In this activity the .children corrrplete several worksheets that 
provide practice with 'ordered pairs and plotting points on.a 
grid. Use only as "many as you feel the children need. 



.Workshe.et 2 



Have the children turn to Worksheet 2. Using the overhead 
projector and the grid transparency of page 19 locate and 
label points A and B using the ordered pairs from the work- 
sheet, * Emphasize that the ordered pair tells you "how many 
to go over and how many to go up" from the origin- in order to 
locate the point. Point A is located by going ^ver 3 arid up 4. 
Point B is found by going over 5 and. up 4. 

Have different children come up to the overhead and locate 
points C-0 as the other children locate thes e points on their 
worksheets. Circulate about the room to be sure that each ^ 
.child has located the points correctly. You may want to have^ 
the children exchange grids to check each other's- work. 
After all the points have been located, hay.e each child use^ 
a straight edge to connect the points in alphabetical order 
with line segmerxts. 
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A (3,4) 
B (9,4h 
C (7,6) 
0 (9,9) 
E (3,9) 



F (1.6' 
G (2,S) 
W (4.10) 
J (6,11) 
J (8,U) 




10 11 12 
K (10,tO) 
L (11,8) 
M (10,9) 
N (6»1) 
0 (4,1) 
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Worksheets 3 and 4 ' ' ' ' ' > . 

Have thg, children wdrk* independently oh Worksheets 3 an5^'4. 
You may/want to use these worksheets only with those chil-^ 
dren who had difficulty .with Worksheet 2r "On .these work- 
sheets the children again locate and label points on the grid 
and then connect them/using line segments lo draw a picture. 



fforkjhMt 3 

Unit 35 



Nam. 



Loc«U 9Mch or<l«r«d p^tr on th« grid. 'Ubtt Mch 
point with « Utter. Oonmct th«> point* «f you go 
Alone* t^o first tvo ar« don«^ for you. 



A (9.1) 



M (MO 
N (»».H) 
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k (ii.i9> 
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« 


(2),i) 




W (2), 20) 


( 


(U.«) 




X (21. 1» 


« 


(i).» 




Y (20, 1 i) 


h 


(II. «) 




2 (M.IJ) 


i 


«.i) 




* (»2.» 




(0,C) 


























♦ / 










Worksheet 4 

Unit 23 



Nam. 





C 






























































i 








6 






,0 








0 
















<? 




Ay 


/c 
















- £ 


J 
















































u 








y 


















II 
















A 






V 










































— ~. 
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A (1,2) 

B (1,81 

D (3,8) 

E (3,6) 

F (4,6) 



G (4,7) M (7,6) 3 (7,2) 

H (5 .7) N JL*;6JL-- t.~t7,4)« 

' (9,6) 0 (8,8) U (4,4) 

J {6,61 P (9,11) V (4,2) 

K ^(6,7) ^ 0 (10,8) 
11 (10,31 



L ^(7,7) 



Worksheet 5 



Have the children turn tdWorksheet 5. Use a transparehcy 
on the projector, 

, Ask the children to find point A on their worksheets. 

WHAT ORDERED PAIR WOULD CORRESPOND TO POINT A? 
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Remind the children that 
^the first number of the - 
ordered pair tells how 
many units, to-go over 
while the second number 
of the ordered pair tells 
how many to go up. Be 
sure all the children 
Understand that point / 
corresponds to the 
ordered pair (11,7) before 
going on. Help the chil- 
dren find the ordered 
-pairs for points B'-E. 
The children should then 
complete the worksheet 
by themselves and con- • 
neat the points to make 
a picture. ; 

Circulate throughout the 
class to be sure each 
" child is giving the or- 
.dered pairs correctly. 
You might post the cor- 
,rect answers sey.eral 
* places throughout the * 
room so that -the children 
can check their own work 
when they are fihished. 



Worksheet 5 
Uhli 25 
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Worksheets "6 and 7 • ^ ^ ^ » 

These worksheets reinforce skills of naming points on a grid 
for those children who need* more practice. You may want to 
help children who had difficulty with Workaheet cotrnplete 
these two. The other children can complete t]}6 worksheets 
,on their own tjlme if they wish. After the children write 
ordered pairs for-the points they should connect^the points 
with line segmeijts'from A- to B, B to C, etc. They will dis- 
cover a pictureron each worksheet., 
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Vorkfh««t 6 

Chit 25 



12^ 



10 











































1 






















c 








J 




























r 
















K 
























































































































L 


































Q 





















I 



//I 



^7 8 9 



10 1 1 12 

M ( -7. / 1 

0 l-S^/). 
J> •( /,/) 



^ WorkshG,et8 



On this worksheet the 
children draw a line pic- 
ture on the gridT" The 
drawing can bp as simple ' 
•or conjpllcated as they 
desire. In case the chil- 
dren need some ideas you 
•might^sketch the pictures 
on the following page^n 
the chalkbpard. 
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WrUe orflcrcd palrn to name the •vA points of your 
ploture. * 
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Stick Man * 

' ri n 



'Boat 




House 



S5 ^ 



Encourage originality in the dr^w*ags. The only restrictions 
that ?>eed be' put on the draWings Is 'that tliey consist onty ot 
line segments and that, the encLpoints of- the segments lie on 
the gfid intersections. When a child has completed his draw- 
ing have W label the end ppints of each "segment usi^g the ; 
lettejps of the alphabet. ]^e hiay«warit to label them in a sper 
cifi^ order'. At the bottom' of the worksheet he should list the^ 
^.letter and then the^ ordered pair of the point it names. \ 

For additljOnal practice the children might want to excriahgfe ^ 
'sets of ordered pairs and see if they can figure out what their 
neighijor's picliira is. (Two. copies'of the worksheet are pro- 
vided* for this purpose*); Also.the best pictures might be post- 
ed 6n the bulletin board, ' ' ' <• 
** * " . • ' • 

NOTEt-Save the transparencies you have made for later les- 
/sons.- . ^ " ' ■ ^ 
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Lesson 4:^ PLOTTING ORDERED <PAIRS (GAmIbS) 



" > This lesson gives practice in plotting , points on a<?grid in ^• 
game situations^ Introduce the games in class and then let 
the children play during free time throughout the school year-, 

r ■ : . . 

-^^ overhead projector ^ 
, ' - grid trafnsparencies (from Lo^sson 3) ^ 

- crayons for each student • . 

- Worksheets .9 and IQ • , ' ' 
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PROCEDyRE ' ' . 

Activity A: Go Moko - * " . 

The game "Go Moko" provides good practice in plotting 
ordered pa irs^'bn a grid.- ^ ^ r 

Divide the class into-two teams. Designate one team as the 
X*s and the other as' the O's; While explaining the game use 
a chalkboard grid or a grid transparency on overhead pro- 
jector.. The. object of the game is to^gdin cl^ttrol of any four. 
' adjacent intersections which lie in a straigjit line horizon- ' 
tally, vertically or diagonally/ The first t^am to- do so wins 
the game. You may want to copy the scoi;esheet below and / 
explK^n t9 the children that the X team w^on because they 
have fou/x's in a row at points (2,2), jJ^S, 3), (4,4) and (5,5) . 
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Worksheet 9 
Itilt 25 



^^ow have children- 
from each team take' 
turns calling out 
ordered pairs to 
name points on the^ - 
grid. They must 
give the order of the 
numbers correctly. 
(The first number 
teUs how- far to go 

' over and the' ?acond • 
tells how far io go 
upj' As. each ordered 
pair is given, ^o\x ox 
a student "for each 

'te'am mark that poirtt 
with the appropriate 

X orT) on the overhead 
grid. 



Go Mpko GaMiheets 
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A team may lose its^turri by: 

(a) one member calling an 
^Intersection out of turn/ 

(b) one member conferring 
with another^ 

(g) calling an ordered pair 
that has already been 
called, 

(d) marking an ordered pair 
incorrectly. 

, After playing "Go Mokb" sev- 
' • eral times in class the chU- 
dren may want to playnhe game 
with partners or in teams of ^wo 
;^^-or three during their free time. 
There ar4 several grids pro- 
vided for each child in his stu- 
dent manual on Worksheet 9. ' 



4 > 
^1 ^ 
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Activity B: Claim Jumper . - ' 

This gama-provides.opperttmttrfor-add^^ 
' locating coordinates bn a grid. Initially the game njay be 
' inJrcxluced by having the class play against you. They vyill 
try to find the treasure you buried. .Later the'game can be 
played by pairs of children at their desks. It will be easier 
for the children to start with only a 5 x 5 grid. These grids 
are on Worksheet 10. The children can use a larger grid . 
~ after they.have played a few times. There are two versions 
: of the game; the easier version is explained first. 

■ ' -Two children play the game. In the first version, child 1 . 

■ • secrkly marks the tocation of .f our bars of gold on a 5x5 
• atid one comstock Ijar, covering four intersections in a 

. . - ■ row,* two homesta'ka-bars, each covering two intersections, i 

■ a row, and one nugget bar, cov^ering one intersection. Chil 
V 2 , who>will be digging in different places to find the gold 

■ ' , bars, also has a 5 x 5 grid where he r^corjds his hits arid. 



misses. 



TO draw these bars child 1 puts a dot.pn each of the inter 
Lctions that his bars cov,er, and circle, the area covered by 
each bar so th^at it is easy'to see./ He must keep his grid 
'covered so his-opponent cannot see it. 

Child 2, With a blank-grid, begins by caUing out - orcTe^ed 

pair in an attempt to locate his 0PP°^^^^' °V f .^.V ho^e " 
he is unaware of their" positions, he must dig hi. ^^/^ h^^.^ 
Ts an exploration. After each^rdered pair is, named, child I, 
Wh6 buried the gold, tells whether the hole hit ^ missed the 
Lrs. If it hit, child 1 says "hit," and tells-which bar was 
hit Then he puts an X through that intersection on- has grid 
?o rVmind himself that his bar has been hit. Child 2 who s 
digging, n<Sw marks his blank grid with an M for njiss at the 
Ssection, or, if it is a hit, he writes C, H, or N for com- 
stock, homestake, or nugget. 

^o claim a bar, all.points (intersections) of that bar must be 
found When a bar is claimed,- the owner (child 1) must . • 
■ announcrthis.. Child 2 circles the location of the claimed 
bar so that he will remember he has found that bar. 

When all the bars have be en 'claimed, child 2, who did <he 
relrchlng, counts up the.number o£ holes it took to find and 



^ claim all four bars . This is his 'score. Then the players 
change roles. Each child has a new grid. The child who 
searched for gold now secretly draws four bars, on his grid. 
They play the game again* The child who had fewer holes 
*is the winner. 

In the fir.st round of the game below, John buried a nugget 
bar at^(4, 1), a, homes take bar at (I , I) and (1,2), another 
homestake bar at (2,5) and (3,5), and the comstock bar at 
,(1/3), (2,3), (3,3), and (4,3). He put a dot at each inter- , 
section and circled the area each bar covered. Bev started 
. with a blank grid. She called. out ordered pairs anrfniarked 
the^ misses with an M and the hits with C, H, or N, showing 
whijCh bar was hit; As John's bars were hit, he placed anX 
at each point. When a bar was claimed-, Bev circled it' on 
her grid. Bev dug 18 holes to claim John's four gold bars^'* 
In the next round, Bev would bury the gold bars and Johrif 
starting; with, a blank grid, would call out ordered pairs until 
he located the^bars. ^Whichever player dug fewer holes to 
claim his\opponent' s bars would be the winner; ^ 




If some children would like a more complicated version, they 
can try this one. Two ^children play. Each secretly draws 
four bars onjiis grid by marking the intersections With dots 
and circling the area with a crayon to, keep track of his own 
buried bars. This version is more difficult because each 
player must keep track of the hits and claims on his own 
bars,, while, at the same time keeping track of his hits and 
claims on his opponent's bars. " 

The children take turns alternately digging three holes at a 
time. When a; player calls out an ordered pair, the opponent 
announces a miss or a hit of the comstock, homestake or I 
nugget bar.. If the player misses, he puts an M at that inter^ 
section so that he does not call that intersection again. If 
in.3 player hits his opponent's bar, he writes a C, H, or N at 
the intersection to remind him which bar he hit and where it 
is.' The player whose. bar- is hit,. .puts an X at that intersec^ 
tion just to remind him how his opponent is doing. 

When a player hat*claimed one of his op^Donent's bars by 
finding all of its intersections, he checks ofi the letters , 
'indicating that bar on his grid so that he knows it" has been 
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claimed. He .does not circle the Ipcation of the bar as he • 
did in the first vers ion of the game because the grid would - 
. be too confusing with-both players' bars circleds. ' , 

Each child's grid will have many marks on it arid there will 
be many things he has to remember. Therefore / this version 
is much more .difficult than the first. The children will dis- 
cover that th§y mjist study their grids closely to determine 
where to dig for the opponent's gold. Some intersections ■ 
will have several marks, especially when both players put ' 
their gold bars in the same places. The children may- prefer 
to use a larger grid so that the gold bars do not overlap. 

The sample scoresheets befow are for the second version. 
Mike is the winner because he located his <)pponent's four 
bars first. Mike's scoresheet shows 1) the locations of his 
bars' (circled), 2) the locatioris of his opponent's bars ^marked 
with letters indicating the type of bar and- with check marks 
indicating the bar had been claimed), and, 3) his misses 
(each marked, with an M indicating that his opponent did not 
have a bar at that, location) 



• \ 





Mike (winner) 
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After the children have played either version of the game a 
few times they may want to vary the size of the grid arid the 
shape and size of the gold bars. For each.game the players 
must agree on the shape and size of each gold bar. 

Tell the children that "they may use one or two of the four ^ 
grids that follow Worksheet 57 in their student \Tianuals for 
the game. .The children might enjoy making up their own 
versions by varying thd objects which are hidden. For ex- 
ample, they could hide animals, such as an octopus whose 
body covers four intersections and legs cover three adjacent 
infersections each. The objects to hide, 'size of objects 
and size of grids are limitless. However, two opponents 
must hide identical objects. ' ; ■ 
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Lesson 5: THE VALUE OF GRAPHING DATA 

' ■ ' • 

, "In this lesson the children will see the value of graphing in- 
formation on a^grtcl so that it can be more easily analyzed. 
The children willVplot and analyze weight and height data. 
This lessofi is pjp^Svided to give the children an opportunity 
to analyze data they are somewhat familiar with before they 
begin graphing time dnd distance data in the next lesson. 

Comparisons among ordered pairs (height, weight) are very 
difficult or at least time-consuming to analyze. The value 
of plotting information is that the graph provides a visual 
• ^ representation of the data which shows interrelationships. 
■ Maximum and minimum values within the data can be found ' 
easily and relationships between ohe piecq of data and the 
rest of the data can be seen. -Questions, such as, "Who is 
. the tallest? , Who is the lightest? , who is the shortest and 
lightest? , Who is the tallest and heaviest?. , How much 
variation in height is there in the class? " etc. can be answer 
ed rather easUy once the data is represented by points on a 
grid. We would like to emphasize in this unit the analytical 
value of graphing data .• • 

MATERIALS >" " ' 

- transparency of WoffTSheet 12 (made from student manual)" 

- overhead projector 

- Worksheets 1 1 and 12 

PROCEDURE , 
^Activity A " ' . ■ . 

Have the children turn to Worksheet \ 1 . Explafii to the 
children that we often need to store two pieces of informa- 
tion together. For example, a teacher needs, to store a 
child's name^and the grade he received on an exam. An 
employee in a store may need to store the name of an item 
and its price. Other information pairs might be the year " 
a car was made and its make. The ordered pairs given on 
the worksheet are storing special information -r the height 
and weight of the children in a third grade classroom. • 



Review the idea that the order of the numbers in thp pair, makes 
a difference. In these ordered pairs the first numb^ gives the 
child's height in inahes andUhe secojid gives the child's weight 
in pounds. For child A (52,61) the height is 52 inches and the 
.weight is 61 pounds, " . , ^ 

Ask the children to look at the ordered pairs and tell who is 
the tallest child* Quickly ask more questions, but do not 
spend much time on answers: 'Jlho is the shortest child? 
mo weighs the least? Who weighs the most? Vl/ho, is the 
biggest chiia (both the tallest and' weighs the most)? Who 
is the smallest child. (is the shdrtest^and weighs the least)? 
What could you say about Sandy? Is she the tallest? 
shortest? heaviest? lightest? How does she rank within 
the class? How many children weigh more than 55 pounds? 
How many weigh less than 50 pounds?" 



WorKsheet II 
Unit 25 



Name. 



Mary 
Bob 
; SaMy 
' Paul 
Bob 
Jla 
Pat 
Jane 
Linda 
J John 



Jean 

Bin 

To« 
Sandy 
Chris 
Pa» 
Chuck 
Edith 
Kin 
. Ned 



Marllya 
Walt , 



A (92,61) 

B 150,62) 

C 150,54) 

D 153,69) 

E (48,57) 

F (51564) 

G 152,57) 

H (54,7§) 

t (48,561 

j (53,78) 
K* (50,64) 

I. (49,51 ) 

*M (50,56) 

N (56,75) 

0 (51,62) 

P (51,59) 

Q (51,55) 

R (48,45) 

S (51,53) 

T (52,62) 

U •(47,46) 

V (52,60! 
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The answers to'these. questions are not immediately. obvious 
by lopking at the data when they arfe giv.en in ordered pairs. 
In fact, some questions are .not only' very difficult to answer 
but raise other questions as well. For example, what is 
meant by "biggest" and what if there ns no child that is both 
the tallest and heaviest? ^ ^ 

Suggest to the children.that since these are ordered pairs-we 
^might be able to tejl more about them by plotting them on -a 
grid. Have the c^iildren turn to Worksheet' I 2. 

Emphasize that the' horizontal (over) axis represents the 
height in inches "and the vertical (up) axis- represents the - 
weight in pounds. Review once again the. meaning of the 
ordered pairs and graph several with the children (use a 
transparency of Worksheet 12 and the overhead projector) 
and then let the children complete the worksi}eet on their ' 
^ownr\The letters that correspond to each ordered pair should 
be used to najne the point a-s it is plotted. The completed 
graph is on the next page. . - . 

After the children have completed the graph ask:" 

WHERE WOULD THE POINTS REPRESENTING THE TALLEST 
CHILDREN BE LOCATED ON THE GRID? (To the right 
since the numbers on the height scale increase as they 
go to the right.). ' . ' ^ 

WHERE WOULD THE POINTS REPRESENTING THE SHORTEST 
CHILDREN BE LOCATED? .(To the left.) 

WHERE WOULD THE POINTS REPRESENTING THE HEAVIEST 
CHILDREliJ BE LOCATED? (Near the top since the numbers 
on^..*e weight scale increase as they go up.) 

WHERE WOULD THE POINTS REPRESENTING THE ^LIGHTEST 
CHILDREN BE LOCATEP? (Near the bottoiri.) 

Now ask the same questions t^iat you asked when the children 
had only the ordered pairs to look at: Who is the tallest? * etc 
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Worksheet 12 (Answers) 
Unit. 25 ^ 



Namel 
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Height in inches 



Ask the children to explain their answer^. When you ask 
. ''Who is the biggest child?" they will see there is no child 
who i§ both tallest and heaviest. But the graph shows data 
(in the upper right hand corner) for tlpree 'children who could 
be called the biggest children. Similarly those in the lower 
left corner.wouid be the smallest children,* 

V » / . ... 

From tfte graph the childrfen pan. see that most of the points 
fall rather ^close together in the middle. Yoacan compare 
the height and weight of any child with that of any other 
child by locating their points on the graph.. Emphasiz'e the 
value* of having a "picture" of the information, and relation- 
ships." ^ ' 

Any child who wants to can plot his height and weight on 
the grajph. The data come from an a<!!)tual third grade 'class. 



Lesson 6: p£OTTING TIME - DISTANCE. DATA 



, The lesson introduces plotting of time -distance' data dn-a 
.^coordinate system. Since time and distance are continuous ' ; 
* measures these points are connected by a line. The line 
graph is used to find how far a runner went in a certain 
amount of time, or how long it took to run a certain number 
of feet. . * ^ . • 

* • 

.MATERIALS ... ' " - ' ' . . 

overhead projector ^ ^ . 

- transparency of Worksheet 13 (made from student manual) 

- Worksheets 13, 14 and. 15 

- ruler or other straightedge 

prep^tion' 

Make a transparency of 'Worksheet 13 from the student manual. 
A full si'ze copy of the wolrksheet with answers, appears' in - 
this manual for your use. ^ • 

PROCEDURE 

The children discussed the meaning of speed in Lesson* I , but 
" you may wish to di.scuss the concept again as an introduction 
' to plottirtg timerdist^ce data. 

**** . . , 

. HOW MANY OF YOU ftAVE BICYCLES? HOW FAST CAN YOU 

RIDE? ; , , . I ' 

The children will probably describe jpeed only in term^of 
fast and slow, though they can^pfobably ride their bicycle? 
*' as slow as two miles per hour or as fast as 20 miles per hour. 
, Ask about the speed of other means of transportation such as 
the horse (35 mi/hr),, the. car (60-70 mi/hr), racing cars 
. (200 mi/hr)-, airplanes (small planes, 200 mi/hr; commercial ' 
jets, 600 mi/hr; air "force jets, 2400 mi/hr; space craft, 
25000 mi/hr) • Help the children to order the vehicles they, 
mention from slowest to fastest* 

Valking is probably the slowest of any transportation. Walk- 
ing speeds range, from two to* four-miles per hour. Aslj onebf 



' the childj^n to demonstrate a brisk walk. Describe it as 
about fouAmiles per hour. Ask the children what four miles 
per hour means. An acceptable answer is that ifeyou cpn- 
tinued to walk at that constant speed/ in one hounyou \Atfiuld 
travel a distance of "four miles. ^Emphasize the tim'e-distance 
relationship 4hen you refer to motion. When the children ^ 

' have a feeUng\for "four miles per hour, " ask, 



now FAR WaUED YOU TRAVEL IJvf tWO HOURS AT THIS 
'SPEEDS (Eight miles.) IN THREE HOURS ? (1 2. miles.) 
IMONEHOUrV (Four rtiles.) ' * 

the children seem. to have tiifficulty answe^ng these ques- 
tions ^you might place the following jjketch ori the board to 
help them. 



J hour 



0 \ [ iJ I'l V 10 M. 12 l'3.1^4 15 16 1-7 
\ ^ • A i — A : / 



hour 

_A ■ - 



hour 



I hour 



4 miles 





4 miles' 



-V" 



4 miles 



'4 miles 



1 



Parallel number lines can a-lso be used. 
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Sug^st to the children that theyrecord this information as 
^ or^er^d pairs. * Review the ^iciea that order makes a difference 
in an ordered pair and that we*will use a time^distance ordered i 
, pair. The fi5rst»number represents time and the second distance-. 
The class would then have these^orderad.pair^s: ^,(1 ,4), (2,, 8),^^ 
(3,12), (4,16). . ' / ; , 



Have the children turn to Worksheet 13 as .you place a trans- 
parency bf the worksheet on the overhead projector. Explain ' 
that since graphing gives a picture of relationships, w^^ . 
'might be able to learn something. about a motion of four, m^les* 
. per hour if we p)ot the points representing the motion. ^ * 



5.4 
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Worksheet 13 (Answers') 
Unit 25 ' 

(d) Read distance^ 
scale. 



.1 

\ - . 

N|ame 



\ 




(c) Follow horizontal li!??' 

to distance scale, 

1 ■»> t .» * 



1 



(b) Follow vertical line- 
to graph. 



(aj Find 5 hour mark 
on time scale. 



2"' 3 ' 4 ' 5 • 6 ■ 7 ' 8 ' 9 ' 10' 1 I ' I 2 ' 1 3 ' 1 4 ' I 5 ' I 6 



T 



time (hours) 
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DO 



After the children have plotted the points for four miles per 
hour on J^heir graphs (arid you have the points plotted on the i 
overhead transparency) ask for observations and comments. 
One of the observations should be that one line could be 
drawn that;^uld conta.ln all the points. This line would 
•pass through the origin (0,0), 

Have the children draw in the line that contains all of the 
point:^. This also provides a check to see' if they plotted the 
ordered pairs correctly. 

Explain that this line represents the time-distance relation- 
ship^ at four mile^s per hour. Since both time and distance are 
continuous measures ther^, will be many ordered' pairs (points) 
that represent four miles per hour. In fact; all the points on 
the/ line represent this relationship. 

Helve the children use the graph to help find more ordered 
pjirs. Ask questions like the-following, ^ ^ 

' HOW FAR WOULD YOU TRAVEL IN FIVE HOirRS ? (20 miles , ) 

Steps a through d on your copy of Worksheet 13 explain 
^ how to. determine the distance traveled in five hours, 

HOW LONG WOULD IT TAKE TO GO TEN MILES AT THIS ' * 
. RATE? (2|hoursO SIX MILES? (I.| hours,) . 

HOW FAR WOULD YOU TRAVEL IN THREE ANP ONE -HALF - 
'HOURS? (14 milesj ^ * ^ . \ 

Have the children do Worksheets 14 and 15.. These sheets \ 
present word, problems and graphs involving, speeds of two ^ ■ 
and three^miles per hour. Worksheets v'/ith "answers appear 
on the next page ♦ ' ' , ^ 



Vorluh««t 14 

L^nlt 25 - • 



Na«e 



A puppy walk* -2 Miles per hour. A 

In 1 hour he ••lki...flL"l lei. ^i^*^^ f 

In ajhoure he walkajtf — alle*. * C^-gf^^i 
In 3 hour* h# welke-iL— afle». ^ * ^S^iT'CJ's.'-: 

iWl >rdered pair (4,8J neana In ^ hour* he walks 



8 MllM 



Ooaplet* theae ordered 
p«tra. 



6) 



( 4, 8) 



Give aoM ordered 
palra of your own. 



A boy walk* 3 ■Ilea per hour. 

In 1 hour he ,walk*-^«lle».' 
In 2 hour* h* walkaJk— mil". 
, In 3 houra He walka«^«llea. 

rh9 ordered pair C4,12) weana In J_ houra he 
walk* 12 iillea. 



Coaiplete theae ordered 
p« t r* . 



< 1. 

,( 2, 



( 4,12) 



Give *ome ordered 
pair* of your own. 

(g.;zfi 
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Workaheet 15 

Unit 25 



Name. 



Plot the ordered 
ptlra for the puppy 
from Workaheet 14. 



Draw a straight 
line that contatna 
aU the points. 




(D Plot the ordered 
palra for the l>oy 
fro« Workshofit U_ 

0 Draw a atralght 
1 Ina that contaSna 
all the pofnte. 



Lesson 7: INTERPFIETING THE SLOPE OF A GRAPH 



The children will plot linear data (constant speed data) and 
interpret graphs as indicating faster or slower speeds than 
other graphs. The^word "slope" and its meaning are introduced. 

V 

MATERIALS 

- grid transparency (from Lesson 3^) and one blank transparency 

' — Worksheets 16 and 17 

^ • " \ 

PROCEDURE " ^ 



Using a grid transparency and the overhead projector, draw 
and label a two .miles per hour line and a three miles per; hour 
— line. Have the children turn to. Worksheet 1 6. Help them 
locate points for the two and three miles per hour lines. Re- 
mind them that two miles per. hour means that in one hour you 
would travel two miles. The time-distanee ordered pair (1 , 2) 
is oa the two miles per hour line. Discuss the meaning of 
other points on each line. When th^' children have plotted 
several points for. each 



line,' have them draw the 
lines starting from the 
origin (o\o). Ask what 
(0,0) meai^s and why 
each line starts there. 
(It means that in zero 
hours, zero miles have 
been traveled,* If no 
time has elapsed, then 
no distance' has been 
traveled .) 

Draw the one mile per 
hour line on your grid 
and ask the children 
what one mile per hour 
means. (In one hour 
you travjel one mileO 
"Develop ordered 



Worksheet 16 
Unit 25 
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pairs for this line and have the children explain what each 
means: (1>1)/ {2,2), (3,3)^etc. Have the children plot 
these on their grids and then draw in and label the one mile 
per hour line. Show them how to indicate the units (miles 
and hours)* This is written miles/hour or mi/hr. and jread 
"miles per hour" or *'miles in an hour. " 

AsJc the children tp interpret these lines. What speed does 
each line represent? Which speed is faster ~ one, two or 
three miles p^r hour? How does the graph represent which 
speed is faster? How is the line for the fastest spee^ dif- 
ferent from the other lines? 

HAVE YOU EVER HEARD THE WORD "SLOPE"? WHAT DoJs 
IT MEAN? CAN YOU USE IT IN A SENTENCE? i 

CAN YOU THINK^OF A SENTENCE USING BOTH THE WORDS 
"STEEP" AND "SLOPE"? 

This discussion should lead the children to the idea that thel 
steepness of a line (or a hill) is the slope of that line (or 1 
hill).. Th^ children should be able to explain that the slope \ 
of the line for a faster speed is steeper. \ 

Ask the children to look at the one mile per hour line. 

WHEN WE GO OVER ONE UNIT, HOW MANY UNITS UP DO 
WE GO TO RETURN TO THE LINE? (One'.) Show^jthe-paife — 
of over one and up one on your transparency. 

Ask the same with the two and three miles per hour lines. For 
each line have the children pick several points and gd over 
and up until they return to the line. They will see that for the 
three miles per hour line they go over one and up three from 
any point to return to the line. They go over 9Tie and up two 
for the two miles per hour line. 

(The children will begin naming slope in Section 2. The 
examination' of slope as a certain number of units up per 
one unit over is meant bnly c^s an introduction to the idea of 
slope and to a concrete method of determining v^^hich slope is 
steeper.) \ 

59 ^ 



On a blarlk transparency 
(one with no grid lines) 
draw' three different lines 
starting at the origin. 
Label the lines AB, CB 
and"EB r^ut do"riot label 
the speeds. 

Then ask: 




WHICH LINE REPRESENTS THE FASTEST SPEED? (AB.) 
THE SLOWEST?' (EB.) HdW CAN YOU TELL? 

Have the children complete Worksheet 17 by themselves. 
Check each chil3;s work, to see that no one has confused 
the length of a line with the slope or, steepness of that lin 
If any children have made this mistake-, draw some graphs 
on the chalkboard to show that any line can bfe extended o 
made shorter without affecting the slope of that graph or phe 
speed the line represents. 



Worksheet 17 
Unit 25 



0 Name. 



> 


















© I.ine.4-hM the*" 


fcreateat tlope. 





B 


,(2) LtncuE^has X\i 
•teepest albp*. 



(3) 



^ Number the lines from 
1 to 5 start Ing with the 
line with the gretteat 
(steepest) tlope. 




0 Which car la joins 
•lower? ^ 



Car A 



Car B 



(5)^ These lines represent 

$peedll of 4 ffli/hr aixJ 6 ml/hr. 

Which hne Is steeper7...dL 

a 

Which Una shows the fatter \ 

speed? i 

The 6 ml/hr line in 1 Ine^. 
The slower speed Is ^ ml/hr. 




Lesson 8: RACES WITH DURATION TIMING 

This lesson involves races for which data will be recorded 
^nd plotted. Each cftild runs and the distance he covers dn 
five seconds is narked and recorded. Each team plots and 
compares the distance covered by the fastest, the slowest 
and a middle speed runnep. By comparing the Steepness of 
various team graphs, the class can determine who- was the 
■ fastest runner. The children see that the slope of the graph 
is steepest for the fastest runner, 

MATERIALS - ^ . 

- space" in the gymnasium or outdoors 

- 2 pendulum assemblies (from Lesson 2) . 

- 2 measuring strings (from Lesson 2) 

- 8 marking objects (rulers) 

- recording sheets 

- Worksheet 18 ■ 

PROCEDURE . • . 



Activity A 



Befol^e going to the racing 
area, review the racing 
procedures from Lesson 2, 
going 'over the diagram to 
refresh the children's mem- 
ories. Remind them that 
two teams work together, 
one team officiating while 
the other team runs . After 
all'the members of the 
first team have raced, they 
serve as officials for the 
other team. 
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When the class is sure of the racing and recording procedures / ' 
take them to the racing area. Have the teams lay out the , 
measuring strings, run th*e races and record each runner's 
distance traveled in five seconds. When the races are done, 
have the children pick up the equipment and return to the \ 
classroom. g 



r 



Activity B 



Ask each child on each 
team to prepare a- graph . 
on Worksheet 18 showing^ 
the distance traveled in 
five seconds by three 
members of his team: the 
fastest/ the slowest an^i 
one other member, ^ All 
members of the same team 
should agree on which 
third member to plot. Each 
child on a'team plots the 
points on his 'own graph. 

Have the children draw a 
line segment connecting 
the origin of the graph 
(0 seconds, 0 feet) with 
the plotted ^point for each 
runner. (See the sample 
graph below.) 



0) 

o 
c 

-M 

CO 



Unit* 29 



T9UI_ 



(fitittt nxnn«r). 
(tl^tt ninn«r). 



(on* oth«r niniwr), 



Dlitanct In 
S ••condt 




.fi«t 

.ri«t 



TliM Utcondt) 




fastest runner 



slovyest. runner 



' 2 3 4 
Time (seconds) 
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Ask each team to study the graph of its three runners. You 
may want to copy one. team's graph on the chalkboard. The, 
line segment showing the time and distance of each runner 
is called a "graph;'* the complete grid with times and dis- 
tances for these runners is also called a "graph." You should 
make this distinction in the following discussion. 

HOW^ARE THE GRAPHS (THE LINE SEGMENT FOR EACH 
RUNNER'S TIME AND DISTANCE), THE SAME? (Each shows 
the distance a runner went in five seconds.) 

HOW ARE THE (^RAPHS/DIFFERENT? (Some have a* steeper 
slope showing a faster speed.)' 

Ask. the children to consider the origin for each graph. 

WHY DOES THE ORIGIN OF EACH GRAPH START AT 0,0? 
WHAT DOES 0,0 MEAN? (0,0 means zero seconds and 
zero feet. It means that.when each runner was at the 
starting line, no time has passed-and they had not run 
any feet.) 

Now ask the children again how the graphs differ. (Some are 
steeper than others . ) 

DO THE SLOPES (STEEPNESS) OF^THESE^ LINES TELL US 
AN YTHINGl^BOUTTlfE^ SPEEDS OrrHETV0NNERS"?~ (The 
steeper the slope, the faster the runner.) 

IF WE SHOWED THIS GRAPH (the grid with' three line seg- 
ments) TO A STRANGER, COULD HE TELL WHO WAS THE 
FASTEST RUNNER? (Yes.) HOW COULD HE TELL? "(The. 
fastest runner is the one who ran' farthest in five seconds-. 
The graph of his speed has the steepest slope.) 

Have the- class discuss and compare the graph of each team 
(the four grids, each with the times and distances of three 
runners). The following questions may be helpful in guiding 
, the discussion. ^ 

WHO IS THE FASTEST RUNNER IN THE WHOLE CLASS?- 



It is difficult to determine the fas:3st runner in the class 
when the data. for the fastest of each team is plotted on a 
^separate grid/'Lead^the children to suggest plotting the 
data for the fastest of each team on one grid if they cannot 
tell by loolcing at the separate graphs. 

. 'WHO IS THE SLOWEST RUNNEi;? Avoid this if you feel the 
slowest runner would be embarrassed. 

wko IS THE FASTEST BQY? THE FASTEST GIRL?. .THE 
SECOND FASTEST? 

After this discussion the children should be able to read a* 
grapVand to interpret the slope of a graph as indicating a ^ 
faster or slower speed than another graph. 

Each child should plot the data for. his., time and distance on ' 
Worksheet 18 if he was not one of the children whose data 
were plotted for the class discussion. 

Have the children save Worksheet 18 for comparison ^ith 
data obtained in the-next lessc3>n. 



Lesson 9: 



RACES Wim INTERVAL TIMIN^ 

1. 



"2", "3", -"4", and 
This graph should be 
jhild compares his new 



The position of each runner at comits 
"5" is marked, recorded and plotted, 
an approximately straight line. Each 

graph with the graph of his race in Leskon 8. Thd two graphs 
will be similar. The children should beW to realize that .the 
graph of a constant speed is a line with constant slope — 
•a straight line. 



MATERIALS 



- sp^ce in t^e gymnasium or outdoors 

- 2 pendulums 

- 2 measuring strings- ' 

- 10 marking objects (rulers)' \ \ 
recprd sheets 

- Worksheet 18 (from the previous lesson) and Worksheet 19 



PROCEDURE 



Activity A ' 



Before going to the racing area, discuss the procedures for 
the race. There will be five judges, on^ each to mark the \ 

, runner's distance 'at one, two, three,^ four and five seconfis.\^ 
Only one child runs at a time. The children on Team A shoul<^ 
line up behind the starting line. 'Five children from Team B 
will be positioned along the track as judges. The timer, . 
sta^rter and recorder will carry but their, jobs as in previous 
races. When the timer calls "zero", the starter lowers his 

^ arm and the .first runner starts. When the timer calls out. 

* ^"one", the first jucige along 'the track marks the position of 
the toe dt the runner* s front foot. At '"two", the second 

' judge marks the runner and so on. ^ 

When the. runner is done, the -recorder» records the. position 
at each count. He will need a record sheet like the one on 
the next page. 
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Position at'each count 




Mame 


1 


2 


3 
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Then the second child on Team A runs • VVhen all the children 
on Teem A have run, Team B runs and Team A officiates. When 
all the; races ^ave been completed, have Jthe-children return 
to the Idas srobm. 
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Activit / B 



torktheet 19 

Vnit 29 »■ 
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Have the recorder^give each 
child his data for the race. 
"i;hen each child plo^s the 
data on Worksheet 19* At 
the chalkboard, plot one 
runner's data ar\d discuss 
with th^ class bow a line > ' 
segment can be drawn which 
approximates all the points 
plotted* (See the sample 
^raph below.) Have each 
child draw such a line. 
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* * * 

Have the^hildren stiidy the data on Worksheet 19. Most, • 
ch^ildren's graphs will show a nea:rl^ constant speed. The * 
.points representing the distance at each second all fall close 
'to the line Segment. 'Ask thfe children why the points arenear 
(or on) the line .a^nd what this means. (It means the child ran 
a,t about a constant speed. His speed did nbt change much.) ' 

COUrll) A RUNNER KEEP' UP THIS CONSTANT SPEED FOR , 
AN Hp^^ * (No,* he would get tired.) WHAT WOULD 
HAPPE.N TO HIS SREED? (It would get less because he / 
would slow down.) • ' 

. IF A RUNNER SLOWED DOWN, WHAT WOULD HAPPEN TO 
HIS GRARH? ^ W.HAT WOULD IT LOOK LIKE? (The slope^ of 
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the graph would change. 'It would become less steep. 
The grapri would not be a straight Ifne,) / 

> * ♦ ♦ 

Ask the children to^ompare the'data they plotted for the first 
race (Worksheet 18) and that fpr the second race (Worksheet 
'19), For many children, the slofie oieach line was similar. 
For some 'children the data diJfered because they ran faster 
or slower in one race than in4he other. 

^ COULD WE PLOT THE POINTS FROM THE FIRST RACE 
(Worksheet 18) ONTO THE GRAPH OF JHE SECOND RACE 
(Worksheet 19)-?. * > 

I " " , m ' " ' . 

Have each child transfer his distance at •five^seponds from 
Worksheet 1 8 jonto Worksheet 1 9; . He should draw'a line , 
from this point to the origin (0/ 0). Have the children put^ . 
away Worksheet 1 8 and look at Worksheet 1 ^ 

d"iD ANYONE RUN FASTER IN THE^SECj^ND RACE THAN 
• HE DID IN THE FIRST-?^^^- * " . ^ 

DID ANYONE COVER LESS DISTANCE IN FIVfi' SECONDS 
IN THE SECOND RACE THAN HE DID-IN THE FIRST RACE? 

ARE THERE ANY RT/NNERS WHO RAN ABOUT THE SAME DISt- 
. TANCE IN FI^E SECONDS IN ^HE SECOND RACE AS IN THE 
FIRST RACE? IF SO, WHAT DO YOU NOTICE ABdUT THE 
TWO LINES? (They are simUar.) ' . " 

HOW ARE THE DATA DIFFERENT FOR THESE Rfl^CES?/" ' 
(For thejfirst race we plotted only two points.-- the origin 
and the distance at five secbnds. For the second race we 
plotted six points — the drigin and the data at ea.ch of 
. five seconds.) ' . ♦ 
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Lesson JO: NON-CONSTANT SPEEDS 

, ' In Lesson 9 a question was raised about the graph of a race 
/ in which- the speed changed. In this lesson the phildren 
will plot and interpret data for runners who change speed. 
They will see that the plot of a race in which the speed, 
changed significantly will not be a straight line and that an 
increase in speed is indicated by an increase^in slope, 

MATERIALS 

— space in 'gymnasium or 

— 2 pendulums 

— 2 measuring strings 

— masking tape 
^- I 2 rulfers 

— recording sheels^' 

— pencils 

— Worksheet 20 

PROCEDURE V 

Review what the children foynd when they compared the 
• grap.is from their first 'two races. They were running at 
constant speeds, so the'graph of the time-distance relation 
was always a straight line. This relation between const-^.nt 
speed and straight line graphs should be stressed. 

Explain that the class is going to run races today in which 
^ they will change their speeds. Remind them of the discus- 
sion of the cliiid who might get tired after running for an 
^ hour and slow his speed. How would his graph change? 
(The slope for the faster speed would be steeper than the 
slope -for his slower spei^d,) 

A simple way. to change speed during a race is to hop ior 
' three couhts and then run for the next three. Have a few 
children sketch their ideas of what a graph of this race 
would look like, A sample graph appears on the next page. 

6D ■ . ■ 
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The procedure ^or this race is a modifiqtation of the one used- 
in Lesson 9. There are six judges, eabh marking the runner's 
position for one of the counts from one through six. The 
runner starts out hopping and changes /to running when the 
timer calls "tjnree." Therens a second starter positioned 
near judgp three who lowers his arm gt "three" to remind the 
runner to run 





After the races, the recorder should read off each child* s 
data. Each child should plot his own data on Worksheet 
20. Then discuss the race, the graphs , and the relation 
between the change in speed and the change in slope on 
the graphs. ' , 



Worksheet 20 
Unit 25 
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CAR RACING AND, MULTIPLYING WITH SLOPE 




PURPOSE 

— To introducb the idea of naming slope. 

— To develop an understanding of constant speed represented by a 
straight line graph. 

— To develop the idea of slope as an enabodiment of multiplication. 

— To provide practice in rraltiplying using graphs of different 
slopjes. 

r 

COMMENjTARY 

In Lesson I I the children race toy cars and graph the data on grids. 
By examining the slope of each graph, they can answer questions 
such as: "Which car went fastest in trial I ? "Did the s^me car 
go fastest in each trial? '\ and *'Can we tell which car went the tfreat- 
est distance in five seconds in any of the trials? " 

Lesson 12 introduces the children to naming the slope of a line as a 
number of units up per a number of units over on a grid. The children 
draw lines that represent given slopes and also name the slopes of 
lines that are given on grids. 
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In Lesson 1 3 the children discover that any line on a grid can have 
infinitely many names for Its slope*. Games and worksheets give 
practice in finding many different names for the same slope • It is 
usually easiest to name slope as a whole number of units up per 
one unit over, although some slopes are more easily named as a 
whole number of units up per two or three units*over. 

In Lesson 14, the children race their cars again, marking the 
position of the car at each of five seconds. They graph the data^ 
and name the slope. They discuss the fact that when a car goes 
the>same distance during each second of a race, it is traveling at 
.a constant speed. The children examine their.'graphs and see that 
a graph of a constant speed is a ^straight line. 




In Lesson *I5 the children modify their cars to. slow them down and 
then compare the speeds of the^modified and unmodified cars. The 
childfen find that in both races the car went at a constant speed • 
(the graphs are straight lines^)^ and that the unmodified car always 
went -faster (its graph always has the steeper slope) • 
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In Lesson 16 the chil- 
dren see that slope is 
related to multiplica- 
tion. They find that 
they can use a line 
with slope two per one, 
for example/ to multi- 
ply by two. The pro- 
duct of three times two • 
can be found by start- 
ing at three on the hori- 
zontal axis, moviag up 
to the line, and moving 
across to the vertical' 
axis. The number there 
is the product, six. 
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The children get a "multiplication, machine" in Lesson 17 which 
they. can use to multiply integers up»t6 ten times nine. This ma- 
chine is a grid and lines with slopes ranging .from one per one 
through nine, per one. The children complete several worksheets 
using the machine. The lesson includes two optional activities 
using this machine. One optional activity Involves multiplying 
mixed numbers and the other involves division of whole numbers. 

In Lesson 18, the children race their cars on circular tracks . In 
previous lessons, to find which car went fastest, they determined 
which went the greatest distance in a fixM amount of time. Since 
,the circular tvaok is a fixed distance, the time durations will vary. 

In order to compare the speed of different cars, the^ children must 
determine -the amount of time it tak,es the car to complete on*e rev- 
olution. The children race their cars modified and- unmodified, and 
observe the effects of turning the cars ^ front wheels in or out. . 




In Lessoa 19 the children predict the amount of time it will take 
their cars to gravel a fixed distance and test their -predictions. "Some 
children may'realize that if their car went 20 feet in five seconds in., 
previous races, it will take about six seconds 'to go 25 feet since it 
travels at four feet per second. By looking at the accuracy of the 
chilflren's predictions and t*he discussions of the results, you should 
be able to evaluate somewhat *how well the children understand the 
relation between time and distance and the concept of speed* 



In Section 2 several lessons involve car races. The purposes of 
'the.car races are: I) to feaoh children experimental procedures, 
•2) to generate data for lessons in which the children learn to draw 
and name slopes of lines, 3) to help children perfect their data- 
gathering methods.'. C^rs are used to provide a fun^way 6f gathering 
slope data. Therefore, the type or speed of the cars does not 
really matter, the instructions for racing procedures given in the 
lessons refer tp one^kind of car, but these can easily be modified* , 
to fit whatever car your class is using. For schools that do not 
get the OMSI kit, and for teachers who would like the children to , ' 
work in smaller groups, we suggest you ask childreh to bring any 
battery operated car they may have. • [ ^ 

Xh^r-i^'PO^eZ^^Q guide string discussed in the racing procedures 
^is to hQlp the car run in a straight line. The car pictured in the 
lessons accomodates toothpicks. The string .goes ^over the car, be- 
tween the toothpicks. There are other ways of using the guide string: 

. • ♦ ' * 

I Make a masking tape loop with two pieces of masking tape. 
One piece should be an inch longer than the other. Put sticky 
' sides together, leaving a half-inch of the sticky side at each 
* 4nd* so that it will stick to the car. The guide string can run , 
over the car and through, the loop. - ■ ' 




Run the car over the guide 
'^ring . If you have a large 
car, use yarn or clothes 
line rope for the guide string. 
Such a guide string will keep 
the car running in a straight 
line. 



In the lessons , the^cars are modified by replacing one of the 
batteries with a worn-down**battery br a two-inch paper clip.- 
If your car can not be adapted to these methods, you could 
tap'e weights to the car or tie s'omething on that will drag 
behind. Before the children use their modified cars for the 
lesson, have them time the cars to b'e sure that they have 
been slowed down significantly, . 

If your racing space is limited, you can change the duration 
of the races or the distance that the cars run. 
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Lesso n I.I: CAR TIME TRIALS 

In th/s lesson the cfiildren use the procedures they developed 
during^the toot races to time cars. Each team runs a gar for 
\ ' five secqndsln three different r^ces , -^nd records the dis- ^ 
tances it travels. Then they graph the various races of all 
teams and compare the data, asking' which car went slowest, 
fastest and so on. • ^ 

MATERIALS 

^ - ' ' . • 

^ — for each team — 

J, 

— . racing space^ ' . ' 

— car . , 

— 2 size AA penlight batteries, 1^ volt - 

— 2 toothpicks 

— guide string (30 feet) • ' ,^ • 

— measuring. string (from-pr^vious lessons) 

— pendulum (from previous lessons) 

— object to mark position of car (eraser or ruler) . ' 

— ruler (to measure distance of car) 

— record sheet , " ; 
. ' — chair 

— ^for each child — 

— Worksheet 2.1. . - 
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PREPARATION 



>Iotor 



Each team needs a space abo'ut five 'fee,t wide and thirty leet 
long. The best place to ruri^the races is 'in the gymnasium, 
but if you pan. move the <^esks in yo\ir dl,assroom,^l;he races 

...can^'be hold there. Th^measuring string need not be taped 
down'pasrt the 3b-focK mark, -If your classroom is toqf 'sTiort 
t9 allp\A;''thejCars to run for five seconds , you may run the 

I par rapes for only four seconds. 

To put th3 batteries in^the car, place theip so that the pybsi- 
jtive;ends .(tops) ^re at the head of the arrpws .on the car fl9or, 
'Tape them to the car chassis with the masking tape to make 

stire they stay in place, Toothpipk's should be inserted in the 
• two^holes at the front of the car. • The switch^for the motor is 
;;underneatl> the car behind the -front wheels . Be sure the 

wheels are not touching anv surfac.e- when the motor goes on. 

• Top View ' 

battery 

(positive end) 





• holes 
, for 
toothpicks 



battery , 
(positive end) 
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Warn the children not to push down on (he car pr/'hold - 
the wheels when the motor is *on or the./mp^or will burn 
out. If the car motor stops working, yoVrnay be able 
to fix it by gently spinning'the back vyheels while the 
motor- is on\ Warn the children each time they use the 
cars that they must'npt push down on the car or hold 
the back wheels when it. is in motioiii. The motor snaps 
into th'e back end^of the car. • If it should, fall out whert 
"the children are usang the cars, simply put it bacVin. 
plare • , \ 
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Cu't four guicle strings/ each about 30 feet long. Each car 
runs under a guide string, which is taped to the floor* T'io 
string runs over the car and between the toothpicks. 



PROCEDURE 
Activity A 



Explain the procedures before beg inning -the- races* 



I 



\ - 



2. 



3. 



4. 



Each team needs this^ equipment: ' one measuring string, 
one guide string, one pendulum assembly, one, chair, 
masking tape, one car, two batteries, two toothpicks, ^ 
one marking object, a ruler, a recording sheet. and a pen - 
cil. Each team chooses a name and labels its car with 
an identifying mark. The same ,chll<iren inu^t work together 
and with the same car in all. car racfes. 




The chLraren tape the measuring siring at both ends to the 
floor, jche guide string' should be taped parallel to the meas 
uciog string and aboujt ^ix inches from it. Each end s-hpuld 
be held down firmly with s.everal pieces of tape^. Th^ guide 
string should extend at least a^foot behind' the starting 1-in^ 
so that the car can b,le placed underneath it. * 

A judge with a marking object shoulc/ be stationed* along 
the measuring stringjat approximately the distance the I 
car will go in five seconds. The children might want 
make a trial run '.Q"^etermine where the judge should / 
stand, or the judge can follow the car along the track/so 
he will be with it after five seconds* / 

A car catcher should be stationed at the ertd of the guide 
string. He will lift the car off the floor when it runs td 
the end of the string, \urn the motpr off, and return th^* 
car to the starter. tWarn him not to push down on the dar* 
when the motor is running.). 



Tijner 



Startefji— « 



Judge 



Guid^ String 



-^Catcher 



\ 

\ 



Recorder 
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1o prepar9--the car for the race, have the starter check to 
see th^ th'e from wheels are straight. He tufnp on the' 
motor/ ThQn he gently lifts the guide string and puts the ' 
car under it so that the string runs over the carj and be- ' 
tweenj the toothpicks. The stafter moves the car up the 
string until the front wheels are even with the jzero mark 
of the measuring string. He Jifts the" back wheels so that 
they kre not touching the floor. 



The timer begins the, countdown ("two, one? zero, one. . . ").. 
When the starter hears "zWo, " he jjuts ihe rear wheels of the 
car on the floor and lets thp car go. When the^^timer calis 
"five, " the judge marks theVront of the car with his ma^rking 
•object. The car runs to the ^d of the guide -string wher& it 
will stop." Have the catcher i^eturn it to the starter.' Remind 
him not to push down on .the ca^ when the -mol:or;.is* on/ He 
should pick up the car,, turn .off%he motor , ;and' carry it back 
to the starter. \ ■ 

■ ■ ^^^^^^^^^^^ 
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7. The recorder notes the Dosition of the marking object to 
the nearest inch by finding the* nearest half-foot on the 
measuring string, then measuring the intervening inches 
with a ruler. He records this\datum in the correct place 
on a record sheet the class ha^ developed. It might 
look like this: 






Team . \ 

\Distance car traveled 
\ in 5 seconds 


1 

1 


Yial 1 




jTrial 2 




/ 

1 Trial' 3 





Help the children set up tljieir equipment*. Have each team 



run three trials and record; 
children to exchange jobs 
on a team can participate; 
gathSer up the equipment a' 
discussion of the results ^ 



the datum for each\. Remind the 
for each trial so ihkt every child 

When the trials ar^ finished, 
nd return to the clas broom for a 



Activity B 



Let the members of each team discuss their data and decide 
how far the car went in trie fastest trial. (Have them turn 
ahead' in their student mq'nuals to Worksheet 32 and record 
this distance in the bo:< marked "Unmodified. " They will use 
this data in Les.son 15.) They should decide if any differences 
in the data for the three trials were caused by the movement 
of the car 0r were due to inaccuracies in measurement. 

Have eachlteam divide' into three subgroups: 1,2 and 3. 
Each subgroup plots the data for one of the time trials their 
teamjran (I, 2 or 3 respectively) on Worksheet 21, drawing 
a line connecting the origin and the five-second point. Then 
each subgroup exchanges data with the corresponding subgroup 



of every other team. This data should ajso be graphed on 
Worksheet 21. For example, trial # I group will graph time 
trial #1 for each car. 



*ork»heet 21 
Unit '25 



Nane_ 



Trial 'J^, 



Team Name 



Distance 
tn 
5 

Seconds 



30 



Unmodified Car 
at 5 seconds 



20 



15 - 



12 3-4 
Time (seconds) 



5 6 



Have the c|)ildren in corr^^onding trial groups sit together 
while you lead a discussion of 'such questions as: 

ARE ALL THE GRAPHS FOR TRIAL I THE SAME? (No.) Re- 
peat the question for trials 2 and 3. ■ ' 

HOW CAN, YOU TELL WHICH CAR WEMT FASTEST IN TRIAL 
I ? IN TRIAL 2?" TRIAL 3? (By looking at the distances 
•orfthe chart, or at the slopes of the lines on t;he grid. 
The graph for the fastest car has the steepest slope.) 
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CAN V/E LIST THE FOUR CARS^^IN ORDER BY THEIR SPEEDS' 
FCR EACH TRIAL? 

* 

Have eaoh trial group rank the cars I through 4 (fastest to 
slowest) on the chart on Worksheet 2 I , 

Hove the children from the appropriate trial group display 
their graphs as- you askothe following questions. 

WHICH CAR' WENT SLOWEST IN EACH TRIAL? . (In trial I , 
the Red Baron car went^slowest, etc.). 

DID ANY WO CARS GO AT ABOUT THE SAME SPEED IN 
TRIAL I? 2?^ 3? 

■ WHICH TEAM'S CAR WENT FASTEST IN THE FIRST TRIAL? 
IN THE SECOND? US' THE THIRD ?^ , 

DID THE SAME CAR GO THE FASTEST IN EACH TRIAL? 
f 

' DO^WE HAVE A CAR WHICH WE CAN CALL THE FASTEST? 
(Yes^ if ong car ran fastest in two diit of three trials.) 

CAN WE TELL WHICH CAR RAN THE GREATEST DISTANCE'" 
IN'FIVE SECONDS IN ANY O? THE THREE "TRIALS? (Yes, 
the one that went fastest covered the greatest distance.) 
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Lesson 12: INTRODUCTION TO THE NAMING OF SLOPE 



In this' lesson tine children begin naming slopes of Ijtggs, 
Slope is named as the number of units up per the number of 
units over on the grid. The easiest way to determine the slope 
of a line is to start at any point on the line that is at an inter- 
section of the grid/ and move over one square and up as many 
squares as necessary to return to the line, .Although slope 
names are read "three up per one bver" or "three per one," they 
are written like fractions, 3 (up) . 

I (over) 

This particular slope name jcould be reduced to an integer (3), 
but we will retain the fractional form to emphasize the up per 
over meaning of the name. In the diagram b^low, the slope 
of the line is three up per one over. At any point on that line, 
the steepness^tncreases by three units up per one unit over to 
return to the line. ' x 
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MATERIALS ' 

■ ' — overhead projector 

— grid transparency 

- Worksheets 22-27 ; ' 



PROCEDURE ■ l 

Activity A . ^ 

/ In previous lessons the children talked about their idea of 
the, meaning of slope and steepness, but'they may need to 
^ review these^ideas again, A discussion of the children's 
practical experience with slope may help develop the mathe*- 

' matical idea af ^lope and the naming of slo^e. 

Begin by asking the children if they have ever run or ridden a 
' bicycle up a hili and how they felt once they reached the top. 
Are sorne-^ttHs-h^rder to go Hp than others? How do you know 
they are harder? Do you get more tired? Why do you get 
mpre tired going up some hills than ot^hers? 

Thesfe questions should lead into a discussion of steepness 
and slop^. Encourage the children to mention things other 
than hills that have slope: roofs, playground slides, etc. 

On a chalkbpard grid or grid transparency on the. overhead 
projector, draw two lines^, AB (slope four per one) and CD" 
(slope one per one). Do not label the slopes, but mark the 
grid inters ectipns that each line passes through, ^/sk^he 
children which line has the steeper slope. 
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The children will probably ^say that^line AB is' steeper than line 
CD. Ask them if they can assign a number to the steepness of 
each line. Encourage sugges^ons. If no one has any ideas, 
have a child start at a grid inteXsection that line CD passes 
through, move one step -(one unit)^to the right, and then take 
one step back to the^line. Have' hip do this starting at another 
grid intersection that line CD passe^through. Then have him 
move one unit to the right from different points on line AB, each 
time moving up as many units as ijecess^ry to return to the line* 
Ask what the children notice about these Valks. After you have 
elicited the observation that it takes moreXteps up to get back 
to line AB, you may spell out the details: "If^you take one step 
to the right of line AB, the line with -the steeper slope, it takes 
four steps up to get back to the line. After you have gone -one 
step to the right of line CD, the line ,whose stope^^s les5 steep, 
it takes just or>e stepcnip to get back to the line." ' As you say 
this-^ trace the appropriate paths with a pointer. ^ 

Ask the children whether ov.nQt they can use these relationships 
to assign a "number to tbe^ steepness of the lines AB and Cr* 
Develo'p the idea that the staeper the slope of a line, the greater 
the number of units (or steps) one must go up to .return to the 
line for each step tdkfen to the right. The children should see 
that they can compare the slopes of different lines hy deter- 
mining the number of step's needed to return to the line for each 
step taken to the right. 
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Explain that we can name the slope of a line by the following* ^- 
method: ' - - ^ - 



, number of umts to get back up to the line up 

' slope = r 7 77 7 — TT r-r: or 

number of unit's over to "the ngnt- ^ over 

Foj example, on line AB, if you take one step to the right 
you must take four steps up to get back to the line. So the 
slope is 7-. -This should be read as "four up per one over." 

For line CD, if you take one step to the right you mus^t take 
one step up to get back to the line. So the slope is j (one 
up per one over) . 
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- Start at several places on each line to show that the slopes 
will be the same no matter where you scart your walks- Re- 
mind the children that it is. easiest to determine slope if they 
start at a grid intersection the line passes through. 

Have the children com- 
plete Worksheet '22, 
Ask them to describe 
the slope of line XZ. 
Have a child'demon- 
strate on the chalkboard 
hew he determined his 
answer. The easiest 
way is to start at a point 
,on a line that falls on a 
grid intersection and 
count' over and up* Tell 
the children they can 
start at' any grid inter- 
' section the line passes 
through. Mark another 
point, and ask if some- 
one^^could find the slope 
from that point. Ask if 
the slope would be the 
same from any point on 
the line and have the 
pupils measure the slope 
from several points on 
line XZ on their "papers . 
The slope is two up per 
onex)ver. 

Then ask how many units they needed to go up to return to line 
YVV on their worksheets when they had taken one step to the 
right. Tell them we would 'say that this line has a slope of 
five up per one over, because we have to go five units up to 
return to' the line after having gone one unit to the right 'from 
the line. 

Have the children complete Worksheets 23 through 26 as a 
cla£S or individually. If the symbol for line" («^)" is un-^ 
familiar to the children, 'explain it using Worksheet 25. ^ 




NOTE: Watch to see if. any children are confusing the idea 
of an ordered pair with the idea of naming slope. An ordered 
,pair, Such as (1,3) indicates a location.— ono point on a 
* graph. A name for a slope, such as three per one, describes 
the steepness of a line. At any point on that line, the name 
of the slope is three per one. , The children know that the 
first numeral of an ordered pain, refers to, the over axis and 
the second to the up axis. For a slope name, the top nurperal> 
. tells bow many units to go up and the bottom numeral tells 
how many to go over. You should make explicit the distinction 
between Sn ordered pair and a slope name only if the children 
are confused. 

■ 3 

> ' Be sure the children do riot read 'j , for example, as three 
'over per ©ne up. Emphasize that the name is always read: 
" upper over:/' ' - — — — — - 




forluhMt 25 turn 

'Hm tlope of Itn* AE i« h*e«u«« vtien ^ aoved 

on« tnilt ovtr X had to go l_tinU(t) up to return 

to tht llM* ' 



Th» 4lop« of BF b«aiut« vtMn I aoved on« 

unit ov*r, I had to go M unlt<t) up to return- 
to th«Ulne. , ^,c^ 

tlope of line CX; !• « 

'Hm tiope of Hi It I 




worksheet 26 

Unit 2S 



N«ee_ 



mrk p«tht to find the tlopet of th«te lintt. 
Fill In "tlope = " n«xt to tach line. 




Activity B . . * 

In the previous activity the children named the slopes of 
lin^^s. In this activity they draw lines of given slopes. 

Demohstrate for the children how-to draw a line with a'givgn 

4 O 

slope, for example, j: . 



1 . Cjioose any grid intersection 
(point A) . 

2. Count over one space (t^e bottom 
humeral of the slppe name). 

^.3. Go up^three spaces (the top 
numeral of the slope name). 

4. Repeat these steps from pplnt ^ 
B to arrive at point .C. 

5. Draw d line connecting the 
plotted points. 
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-On the chalkboard grid or a grid transparency, have several^ > . 
children draw lines of given slopes. Have Iheae volunteers' 
explain the steps in drawing a line of /a given slope through 
a given point. Let enough, children dr/aw lines of given slopes 

•until the class understands how to do it* 

H^ve the students complete Worksheet 27 and as many other 
examples as needed until all children can I) name the slope 
of a given line, and 2) draw a line of a given slope. If the 
children need more practice have them, draw the lines, on one 
of the blank grids in the beck of the. student manual. \ . 




' 1»orkahcet 27 Same 
Inlt 25 ^ 
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•lesson 13: MORE WORK WITH NAMING SLOPE ' * . •. 

' ^ ~^ / , r*://' 

/ In the previous lesson the-children nam^lfi slbpe as a whole 
number of units lup per one unit over. Ndw^they will learri * 
that slope can lie riamed as a whole number^' of units up per 
any whole ^number of units.^over, and that there are an infinite 
number of names far the same slope. Six ^per two, nine per 
three, and twelve per four arte other names for a slope of 
three per one. * ' ^ '/ * 

There are othei?^s lopes., such as five per two, th'at when re.- 
diiced to units up per one unit over result in a ^fractional num~ 
ber or.units up (two and one-half^up per one over, in this 
case). The children are gi^en examples of this type, but are. 
. not asked ^ to reduce them to units up per one over. 

MATERIALS • ' , ^ / 

- "overhead projector , - * / 

- grid transparency . ■■' 

- Worksheets 28-30 . ' . ' 

PROCEDURE ^ / ^ ^ T 

Activity A \ . ' 

Using a chalkboard grid or grid transparency s'how tha'chil- 
dren how to nanis several lines as a certain number of iinits 
up per two units over.. Also ask several children to.di^aw * 
lines whose- slopes are named'as so many units_>ip per two 
over.^ Emphasize that slope iS, not;>lways named as k certain 
number up per one over and that the same procedures are fol-- 
lowed no matter how many unit;s over we go. For example^... 
. ' three p0r one could be named six per" two. 



Activity B . ^ 



Erase the lines drawn on the grid. Put a point on the.grid 
"anywhere except at 0,0 and explain that a line on a grid 
can star* ahywhere. Tell the children that they are going 
'tO'draW lines^that must pass through this point. 



Ask a child *to dravv a line with a slope of tiiree per one-fthrpugh 
the point. Tb^e. other children sho.uld watch carefully. to* se^ * ' 
^ frtat^lhas.ddne it correctly. * Le aye' .this line Qni;the grid/ Ask 
,anotheiJchild-td draw'a hne with a'islopJ^ six per two, that also 
^ parses through'tlie point. He vv-ilr|discover that liisMin^ is the 



same.as the. line the firat child dre^V. Have him draw l^is line 
'^^anyhow, on top of the first line. Ask other volunteers' /to draw 
lines- with'the slopes nine per threeA twelve per four, And \ 
fiiteeti per five, all passing through the^poXht. Each chil^":^-, 
will see that his line is the same as the other children's line. 



Ask^the class, why ail these lines feli ip t4ie^ same' place* ^Leadl 
thfem to see that there are many- names for the s,ame^sIope. For 
each name, the slope of the line does n^^t phange. Str^ss^the 
.fact that the children could use many different names for the, 
'I same slope, but that it is usually e^^sies\t to use a certain npirrie 
- such'^s three per one in^this example. \ ^ . ' " 

1 ^" • ■"■ '-^ ■ ■■. " I - " ■ • 

On a fresh grid, ask a<child to draw a line with the slope two' 
. per one through a given point. Ask other children to draw lines 

with the slope^four per two, six per three, j.and eight per four ^ 
' through this same point. The children wili| see. that these are 

Different names* for the same line. I ' * 



Activity C:\ Name Gaiine • ' 

Have the^children turn to Worksheet 28. jTh.e graph on this, 
page shows line AB with a slope of two per jone, and line OP 
vyith a s'lope qf one per one. Do not tell the children 'these 

crlrM^^c r^r^l=.^« =.4- : . p^Qy ^ game? ' 



.slopes. Explain that the class is -going to 
giving different name^s for the slopQ of line 
Svheet. . . ' V " 



AB on' the wor^^ 



Divide the children into two te^ms . Cmoos'e a sporekeeper 
who wilL write .down each correct response |in the column of^f . 
the team that gave it,. Have him make a ^qoi-esheet. .One/ 
child on* team I begins '^by gi\^ing a slo^. name for line AB; 



on team' 2 deqide* 
js correct, tjie 



He might say "two per one. " The childrfsn 
\vhethec or not.this is correct. If the i^^jme^ 
scorekeeper writes the^ name oji the ^§coresheet under the team 
! column. The childrei} on boLh teams should indicate/on 
tl^6ir worksheets that this name has been chosen. Jh^n a 
children team 2 givos a name, fle might say "four pefr two. 
The s-corekeeper record's the response. ! 



I. 



S3 



I 



- / 



The teams altertiate 
lia^ming the slope. If a 
child gives an incorrect 
•^name, the other team 
must challenge it, and * 
say'wtiy it is wrong.' 
•The team with the wrong 

• response- gets "1110 credit 
for that' response ;and ^ 
loses its turn* the team 

. that 'gets the'most cop 

• rect ansv>ers wins. 

Not'every child on^eac 
1 4 team \yill-get ci chance 
l/| to give a slope name un- 
I ^\ l?ss there are many in- 
M correct responses. Have 
the teams pla^'again, 
using' line OP, beginning 
with the children whb 
"^havfe not yet had a tur;i. 



ERIC 



Workthtet 29 



Worktxhbet 28 
Unit 29 



•0 



OR s slope . 




Activity D - 

Havve thj^e children form teams - ' 

of three or four members^ 

each and turn to Worksheet ^ 

29. Choose a slope / 

up per one over) and write 

on the board three or four 

names for that slope. For • 

^'1^. 5 10 15 20; 
example: j, "3"' "4^*, ' 

Each child on a team chooses'^ 
a different slopes name and ' 
records that name in^the space 
at the bottom o'f his worksheet. 
i Then he draws a line QR with 
the slope name he has choseri*, 
' his line must pass ^through 
poii^Q. 

After each chij,d on a team 
has drawn his line, ha.ve 
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\ 

the children tear out their vyorksheets Then the children on 
a team compare the lines they have drawn by holding up two 
" ■ ^ worksheets at a time, one* on top of the other, to a light. ^ 

Tell the children to be s.ure the dark border of one worksheet 
\ is lined up with the border of the -other Worksheet-, also point 

\ • O should be 'lined, up on both worksheets. i 
■\ ^ . . ■ . 

The children should' discover "that each memSer of the team 
drew a line with the same slope, only the names are different. 
' If some child's line is not the. same as the others, he should 
check his .work and re -draw the line. 

Activity-E " ' ' ' ^ 

Commentary * • ' 

The slopes the Children have been working with so far are 
all reducible to a whole number of units up per one unit over 
(e.g. , .three up per one over) and can be expressed as integers . 
(e.g. , three). But there' are some slopes that are named by a 

fraction or mixed number of units up when reduced to " ^up 

per one over" and cannot be expressed as integers.. For ex- 
ample, five per two is reduced to two and one-'half up per one 
^over. * . . ' 

It is sometimes more convenient to eliminate the fraction or 
mixed number by naming the slope as a certain number of units 
•up per two (or three or four, etc.) units, over. In this activity 
'the children will work with slopes, such as five per two, but' 
will not be asked to reduce them- to, say, tvN?o ,and one-half up, 
per one'over. ' • ■ ' * ' ' 

When the children encounter a fractional slope, they will find 
that if they go over one^unit, they must go up a mixad number 
of units to return to the line. There is a way of finding another 
name for the slope — a name that uses whole numberc only. 
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, The technique is: . 

1 . Choose a point (A) that 
'lies on a grid intersection 
which line XY passes • ^ 
throughV^ 

^ 

2. Then find the next grid 
intersection that line XY 

, parses- through (point B). 
» •> 

3. Count the number of units 
over and up that it takes 
to g^et from A to B. The 
slope name is five up per ; 
two over. 

4. Check this answer by 

' counting the units o^er ^ 
and' up from point's to t-he 
next point "that lies qn a * 
grid intersection (C) . Again 
it iSi-five up per two over to 
return to the line.' ' 




Fractional slopes (those that are nbj reducible to an integer) 
are included in this lesson so that the children will learn to 
name the slope of any given line and to draw a line of any 
given slope. No matter what slope x>r what name fs^ given,, 
the procedure of jiaming or drawing that slope is tlie same: 
the number of units up per the number of units over. 

Class demonstration . ^ " 

Put a line MW with slope five per two on the overhead grid 
and ask'the children to n^me the slope. Some child may say 
"two and one -ha If Up' pec one over. " This is a very good 
answer, but tell the children they can name this slope with- 
out using a mixed number^ of units up. If no child thinks of 
how to do it, rennind them of th^ different nannes they g^ve . 
for the slope of lines in the previous lesson. ^Remind them- 
that slope six' per two names the same line- as slope three 
per one J AsJ< the children if this idea could be used to name 
the slope of line MW. (Yes, it can.) 



Elicit from the children the name five per two for this, line by 
demonstrating the procedure mentioned on the previous page. 
Ask the children for other names that can be expressed in 
whole numbers^ "such as ten per four and fiftasn per six. 

Remind, the children* tjiat there are many names for the slope, 
of a line. All- these names mean the same thing*, the name 
changes, biit the slope of the line remains the same. Also 
remind the children that the procedure^ of naming slope is 
always the sariie. Slope is named as the number of units up 
per the number of units cJver, 

Have the children name the ^s lope of lines such as three per 
two .and seven per three. Encourage them to use the techni^^ue 
of moving from^ one arid intersection to the next to find a na-me 
that uses whole numbers only. 

Have the children comglete Worksheet 30, Ask the children ^ 
what they notice about the slopes of line AB and *GD-.— {-They 
are the same,) ' ^ , ' 



«ork(iheet 30 
1*1111 23 



Namo_ 



Draw the ylopct. Choose M\y starting' point. 



AB ** 



CD $ 



2* 




Give other 
nam^s for CD 

.-ioL^r_£: 
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Lesson 14: CAR RACES WITH MULTIPLE TIMING 



The children-race their .cars and each team marks the position 
of the ear at one second; Intervals for five seconds. The data 
are graphed and the. children see that a constant speed pro- 
duces a constant slope on the graph, .A constant slope is a 
straight line, although all the points 'on the graph may not 
fall exactly.^n the line. The children compare the graphs of 
different teams for the same race and discovef that they can 
tall which line h^s the steepest slop^e by examining the slope' 



names, 
MATERIALS 



for each tdam — 

— racing -space 

— car \ ^ 

— 2 batteries „ ■ 

— 2 toothpicks . * 
-measuring string . ' 

— guide string 
-: pendiilum 

— chair ^ 

— ^ marking tape, . , 
-r 5 marking objects^ 

— ruler 

— • 'recording sheet ^ 

for each child- — 

— Worksheet 31 ' * . 




PROCEDURE 



Activity A 



Review the procedure that the cla^ss used in Section.! when 
they ran foot races and marked.-the runner e^ch second for five 



seconds* The same setup will be ''used to race and time the 
cars* Remind the children that there will now bejive- jxidges\ 
Each marks "the position' of the front of the car at the appro- 
priate '63unt.' "'One of the judges-may have to act also as 
catcher to retrieve the car arid carry it back tb the starter. 
The recorder should make a recording sheet so he can write 
down the distance of the car at each second. When the chil- 
dren are familiar with the procedure, 'have eaC:h team-SBt-up 
the equipment and run three races ^ parking the car each 
second for five seconds. Be sure the recorder is measuring 
the distance in inches using the measuring string and a ruler ♦ 
If the batteries are becoming weak, "replace ^the^m but s'ave 
the old ones for later lesso^?s. Remind the children again > 
that they must not prl^ss down on the*qar.when the motor is 
n. ^ / ' 



Activitjy B 

Have each, team divide 
into three groups . 
Have them turn to 
Worksheet 31. Trial 
^j^l group plots the da^a 
.from trial one, trial #2 
group plots trial two> 
and trial #3 group plots 
trial" three. When the 
five points are plotted> 
the r;hild draws a 
straight line which 
goes as close as pos- 
sible to all the points. 
Then each child deter- 
mines-^^the slope* of" his ■ 
. graph (^up per five 
over) and records it on 
" the worksheet. 

, Choose a graph* (one 
- ^ that shows a constant - 

speed) of one team and 
. • put this -line on*a chalk - 

. board grid or.an over- 



• Worksheet 31 
Unit 25 



Name. 




Unmodified Car 
Distance 1tra\elcd 
e'ach second 





1 second 


ft. 




2 •econda 


« ft. 




3 •econda 


ft. 




^4 •ecoridH 


.ft. 




9 seconds 


ft. 



Ttaii. 



TrUl #1 



slopt of the line li- up per 3 over. 



heacf'grid. Ask the class if they can" tell whether the car • 
went the same spe'ed each second by^ looking at the graph. 
(Yes.) , - ' . • * 

I^OW ^-Ar.DID the car go DURING" THETIRST SECOND? ' 
DURING THE SECOND SECOND? DURING THE THIRD? 
FOURTH? "-FIFTH? 

' ' " '■ ' \" • ■ ■ * 

* -Have 'the children determine how far the car went during each 
second. You may ^aye to help them do this. (If the car was 
at the 12-foot mar-k at two seconds and- the 18-foot mark at 
three seconds, it went six feet during the third second.) , . 

DID THEX:;AR "cover ABOUTi^HE SAME NU.MBER OF FEET 
, DURING EACH SECOND? -WHAT CAN WE SAY 'ABOUT THE 
*. SPI^D of the car? (It traveled at about the same speed.) 
■WHAT WAS TH-E SPEED -OF THIS'CAR-IN TERMS OF FEET 
PER SECOND? . ■' 

Tell the children t*hat when the car goes the same dis.tance 
each second, we can say that it is going at a" constant speed. 
. (If the speed" varied, ask the children to suggest reasons. )" . 

WHAT IS -THE CONSTANT SPEED Fp'R THIS RAGE? IF THE • 
CAR KEPT GOING AT THIS CONSTANT SPEED, HOW FAR 
wduLD IT GO AFTER- SIX SECONDS? , . ''^ * 

- y . ■ ' 

Remind:the children of the race in which they hopped for 
three seconds, then ran for three seconds. When they graphed 
this race, the slope of th§ lirife. changed because the speed 
changed: Ask the class whether they.t.hink the graph of a 
car race would, be a straight line if the . speed of the -car 
changed. Draw them to the conclusion that when the- speed - 
of a car is constant the graph of that race will be a straight - 
line. / ^ . * 

Activity C ■ . ' . ' 

■ Ask one child who plotted trialXone from each team to come to 
the front qt the, room with his gfaph. These four, children 
should hold up their graphs so that the children in the class- 
room caa see'°them, bpt they should cover the slope name that 
is" written. on the worksheet. Ask the class to decide which. . 
car went fastesf and which went' slowest just by looking at 



'the -steepness of the graphs. Unless, there. was a great^dif- 
ferenc^ in speed among the cars, the children vi^ill discover 
that 'they cannot tell easily .which'par wei:it*slowest arid fast- 
esTbecausey the graphsu.ar9.r1pt all on the. same grid./ 

Ask> the children for suggestions on Row to compare the cars 
for thai one* They may propose plotting data from trial one 
of all four steams on the same grid* This/i^^ar good suggestion, 
but .there is;* an easier way.^ Someone should ^suggest compar- 
ing the slope fiame of each graph. Each child with trial- one. 
data has already deternriined the slope of ftis graph as so many 
units up per five units ov^rv/'The slope with the. largest num-' 
ber up per five over is the steepest slope and indiccites fast- 
est speed because that car went farthest in five' seconds , 

The children who plotted trial tWo may want to get-together 
and determine which qarwent fastest in trial two. 'Tr^jal 
three childreA may want to dp the same. Children wiio plot- 
ted trial 'pn^ could "determine which, car went second fastest. 



Ask the children if they can think of"^ays to slow down their 
cars. Letsthem give a few" suggestions, and* tell them that 
they will be doing this in the next lesson. 

Have the children turn ahead to Worksheet 44. in. their student 
manuals. ,Each child should copy the data frcyp, the chart on 
Work-sheet 31 (distance traveled each second) onto the chart 
on Worksheet 44. They should also indicate what trial the 
data IS for. ^hey will u^e this data in Lesson 19". 



103 



Lesson 15: ^ iVlODIFIED CAR kACES 

In thi? lesson *the children develop ..methods to slow down 
their cars. They predict how far the modified cars will go 
in five seconds and then test their predictions. • The class 
compares the 'modified speeds with the ©riginal;speeds of '\ 
»the cars. Chey see that the graph of the faster sp^ed alway 
.has, a steeper slope, and that- as long as^the speed is con^:, 
stant; the graph Vv'iy be a straight line. 

^ materials' ' ' ' 

> 

* . . — for each team — 

' " " - rabing space • - 

- car ' • . 

- object for modifying car (2" paper olip,; old battery) 

- 2 penlight batteries ' 

- 2'toothpici^ _ *. 

- guide string - ' 
« — riisasuring string 

• - pendulum ; ■ . ' 
~ chair. 

- masking tape 

marking object . . - ' 

* " " . ' 

- recording sheet ^ 
, - ruler 

-r for'' the class — 

• ~ overhead projector (optional) ^ 

* - eight auto cutouts 

- Worksheet 32 



PREPARATION •. ■ ~ -• 

Have $oin^ volunteers Cut eight phptos ofautos^'from maga- . 
zines. They could paste'jhese on h6avy paper so the cutouts 

• are eSfsierip handle. These will be used in Activity'B. - 

PROCEDURE , ^ ^ • . " 7" • 

Activity A , ' . ^ ^< 

Remind the^chtldren of the prcJiDlem posed in^Lesspn 14: '.Can 

we slaw dom the-cacs somehow?. Let students suggest some 

rneth'ods. These mightuhGlu4e''takih'g one battery out^of the 

car^ using, old batteries, 

taping weightSN^to the ca'r, 

or taping*s.omething to the. 
" car that will drag behind-^ • 

it. The team that takes a ' ' 

batteny out will have to re- 
place it .with ^.paper clip 

to, close the circuit. .If the 

wj^ights on the^ car stop ij: 
♦^completely, some should 

be takenoff"* immediately or^^ 

the mot or' will bum out. If 

children have difficulty 

modifying their cars, ask questions which will help them 

solve the problem themselves / ' . . . . « • 

' Ask. the class to predict how far they" think the modified- cars 

* ^ will gp ia.five seconds. You may want to remind them of the 

speeds from the unmodified car races in previous les?ons. 
Record a few of the predictions for later discussion. 

Take the children to the racing area.- Have the, same teams 
work with the -same> cars as in the f)revious .lessons.- They^ ^ 
should use the setup and procedures from Lesson \ \ . Each^ . 
team runs its modified car in threfe trials , and each time re- 
cords in feet and inches the posilion of the car at the fivQ.- ^ 
^ sesond ^count. The recorder will have to use a ruler, measur- 
ing troiTi the aearest mark on the 'measuring string. Remind^ 
the children to change jobs after each trial. When the races 
are done) gather up the equipment and retiirn.tathe classroom 
to discuss'the results. (Tell the recorders ^to keep the data 
' • to use in Activities- B; and C.) . " ' , 




; Activity. B . ^ . •-. • . 

. ^ Cfavy'fQur horizontaLnumber lines on thfe chalkboard to rfepre- 
s'ent the tracks of the', four teams . Mark each number^lfne In 
- iive-foot intervals. Put one teafn's name beside each of the 
lines. 'Have the childr.en turn-to W'orksheet 32 whlre'they 
have recorded the greatest distance their 'car went'in the °_ 
. unmodified five-second trials. One of t^ie. members of one 
team should <tape a car cutout to their number line so that> 
■ . " . the front- df the car is at the ""distance th'g car traveled 'in the 
unmodified ra6e.- Have thie te^jh tapQ a second car -at- the-, 
farthest distance their. car went" iri'*)^6' modified trials.. ThiS; 
. datum is provided by the recorded "rfave the other teams re- 
, jDedt this pVoce^s on their number, lines. When the record is 
complete, the-children can jcompare their. predictions. for-the 
• • . modified cars with the results. ■ (H"ave the children save . 

Worksheet 32"f<%; the next activity.) "*■■ >■ . 




Refer ^o theihumber lines on the chal\^oard while the class' 
discusses the following qu^tions: ' ' _ ' 

LOOK AT THE FASTEST CAR. HOW MUCH FARTHER DID 
IT GO IM THE FIRST MPE. THAN IN THE .MODIFIED RACE? 
■ > ■ , . .; 

W-TLL THIS DIFFERENCE BE THE' SAME FOR EACH OF THE 
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QTHER£;ARS? -(No.) WHY? (The methods of slowing the 
*cars v^re (different. Not all the"car&%went the same speed- 
^ in th^'e first race. AJso* batteries wore down and marking, . 
tee.hniqjaes' diffefed^^l^ , / ' ^ ^ ^ ^ I 

;Let's compare/the speed of on? teanifs car in the unmodified^ 
race with the speed 6i that c^ in a* modified^ race. Remember, 
each car rari'ior five secorla^. ^n which race did it go farther? 
(The unmodified race.) In. which rafce ;^id it go faster?^ (The, 

. unmodifieqQace.) If y/e graphed anr unmodified .race 'ai^d a 
•modifieid-rac^for each of thercars/.w^ch graph.,wpurd have 
a .st^9per ^Ippe? (The uniriodi^e^V' If,the cTiildren dp not 

" know which would be steeper, ^d-^not tell them, ^ey graph, 
the data-in the hexf activity.)' ' , _s , * ' 



Activity C 



Unit. 25 



turn 




F«rih«st distance 
'at S ^vconds ^ 



Have each te%. get togethef and turn to WorksWeet 32.^They , 
wiil see^'that^they have alre^ady recorded the'farthest distance"^ 
that t^^eir car travfe^ed'in the uTimpdified five^second racjes 
(in Lesson .1 1) ;/ Npw..have*each1:eam record the ^acth,e^st dis~ ^ 
tance.tljeir car.traveled in the modified rac'es. The recorder 
tells hisleam^this'infCjtrmation. Haye the children graph the 
two races^ they' h^ve rec.prded. 

Ask each teainto report vvhicli ' 
graph has the steeper .slope,,^, 
that o'f the modified car or the 
unmodified car:?' The children 
will see^that hgxh graphs are 
approximately -straight Lines 
and that the unmodified race 
has the line Witl^the steeper 
slope'. / 

Review ideas, 'such as: tlTe 
car thdt travels the farthest 
distance in five seconds is the 
faster. car (the. unmodified car 
went faster); thfe graph of the 
faster car fias a' steeper slope*, 
the ^teepet the slope, the 
faster the 5Pf|sd', ,a graph of a 
constant speed' Is a straight 
line. Save any batteries that 
have worn out for Unit. ,26. 



Uni^ fried 


.ft. 


Viodiried 


ft. 



I 

Tht sio^t of ;tl>e Mnt tor^hc imfipdlf led«r«C'. 
^ »ip per f ive over\ 

Xht alopc of the line for the iiodffled rtct 

up per five over. * * 

* • ' Modified 

Which Une«hA» the etieper slope? ^ 

N.— .» " UnAodUfed 
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Lesson .16: THE MULTIPLICATION RELATION EVIDENT IN SLOPE 



In this lesson^'the children see that slope is r^ate'd to mul-.* 
tiplibation. They find that on a line with a slope that is an ^ 
integer^(such as three per,oneT, for one move over, the numV 
ber of^'moves up from the origin increases by exactly the, ^'-.^ 
same number of squares^as the^lope name (three iii'this , 
example). • . ^ 

Sinc^ the multiplication relationship exists bet^veen the 
slppe of a line and coordinates of pointS'on this line,"*a 
graph of a straight line can be used as a kind qf multipli- ^ 
cation machine, - ' / ^ 



MATERIALS 



— overheaoy projector (optional) 

- Works^heeVsS 



PROCEDURE 



Activity: A 

Using h chalkboard grid 
' ' or the overhead projector, 
• draw^ line. AB wtth a." si ope 
^ of "two per one through 

the origin (0,0)^ Ask the 
children to name the slope 
of the line. Then ask 
someone how many units 
we woi)ld g.o„up to get 
back' to the line if we 
move one unit over (right) 
from the origin. (Two.) 
You or a child should 
sketch in these ipoveS 
on the grid and label , 
them with the number of 
units mov^ed in each^ 
direction. > * 

Npw asfk how many/ units 
we must go up if we move 
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two units to the right from the origin. (Four.) "trace these 
moves. Continue moving one more over (three oyer, four 
over> etc.) and the necessary number of- units up unfit your • 
grid looks like the diagram on the previous page. - 

Aslc the children if they see, a, pattern in these moves. If * 
.they clo not, trace the moves, as you say: "One over and two 
up.- Two over and four up. Three over and six up. Four 
over and eight up, etc;^" Then ask the chUcireri if -they se'e 
a pattern in the number of moves up for each successive 
move over. (Each number of units up is twjo darger than thfe 
previous number. Each numuer c)f moves 6ver is one larger 
than the previous ji'umber.) This pattern is similfir to the 
technique the children used in finding different names for 
tlx^same slope: twQ per one, four per two, six per tliree, 
etc. ' <! V* " ' * t 

Repeat the procedure *using a line vyith the slope three per 
one. ^'With this slope the pattern is an incre^se-6f three 
units up for each ihcreaseA^ one unit oven thi;ee up per 
one' dver,„ six up per two over, nine up per three bver^ etc. 
The increase in units up is' the same, as the slope name, 
• tiiree (per pne). ^ . * . ' , , . 

. ■ ; " . ^ . " ' * ^ ' . . 

livity^B ^ ' . ^ ^ 

Using a grid transparency or a chalkboard grid dra,w a line * 
A B*^pas$iilg through the origin (0,0) .with a slope of t^vo per 
one. Ask the children to name-the slope of the' line" you 
.drew* Someone should say the slope is two up per one over, 
Rfeview w^at this slope mear^s. It means for every unit oveo 

' ^we go up two units to "return ro the line. In Activity A "the 
children'demonstrated^graphiGjalli^ how, for example, a line^ 

/with slope two pgr one increases by two units' up for an 
increase of one unit over. Tell the children^they caft use a 
^ graph as a -multiplication machine to help them find the prp- 
< duct of miiltiplication problems. Ask if anyone knows^>how 

' ta.use a graph to mulfiply. • ' 

Explain that a cjraph with tjhe 'slope two p^r one can* help us 
multiply by two. (See- diagram ''qn^ext page.) Circle the 2 
' of th^ slope name. If the children ask, you may want to 
explain the meaning of the' fraction two per one. Thi^ frac- 
tion can be interpreted as, two ones, which for our purposes, 
is the s.ame as^two. ^ . ' , ' 
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3 -x 2 = 6 



9 •x.2 = ■ 18 



Wfire 3 xTon, tfie'^boKW, Ask the children if they know the 
product of 3 X 2. Find the,3.on the horizontal scale' and" 
demonstrate hovv to follow the grid llRe-for 3 up to "line AB. 
When you have located this point on the. line ,^ demonstrate 
how to follow the grid line-from this point over (left).t© the 
vertical axis, which will produce the product, 6. 

Ask a chhd to come to the grid and multiply 9 x,2 using the 
graph with stope two aer one. ' 



-Ask^ther children to-do more examples until alLchildren 
un^^rstand how-to use the graph as a multiplication device. 
Show them how this ^multiplying technique is similar to what 
they were doing in Activity^A. In the previous activity the ' 
children saw that with a graph 'with slope fwo pet one, the 
increase -in number of units up is two whten the increase in 
units over is one: over one, up two/^ overctwo, .up four; oyef 
three, up six;-etc; is^ similar to multiplying by two: 1x2=2- 

2 x;2 = 4 , 3 X 2: =: 6 , ^eta^. ' - 

.(In the next lesson the children will complete several work- 
sheets of multiplication problems using graphs of slopes one 
per one iLhrough nine per one.) - - 

Draw line PQ with slope three per one.- Ask the children how 
they can us^e. thi& fine to multiply. ^(They .can use it to multi-^, 
ply by three.) Have the children turn to Worksheet 33 aniJ 
complete the pro'bleri^:with your help and using the line PQ 
you drew. Ask a chi|d to come to the overhead projector and 
demonstrate how to multiply I x 3. Remind him to find the I . 
oh the horizontal scale, which will be' multiplied by 3, the 
slope nanje. Have the other children enter the numerals I and 

3 in the first two blanks on the top row of the worksheet."' ^ 
Have the children 'read this problem: "I (oyer) times 3 (slope 
name)." The dhildren should know the answer«.to this problem' 
without using the graph, J)ut have thre child at the<^overhead 
projector demonstrate how to find the answer with"the- graph — 
anyhow. - ' ■ ; , . ^ 

Now ask: ^ ' " * 

IF I GO OVER- TWO UNITS, HOW. .MArTY WOULD I GO UP ' 
TO RETURN TO THE LINE? .THIS IS THE SAME AS MULTI- ■ 
PLYING 2X3. 

Now have the children enter 2 in the over line and 3 as'the 
slope name on the worlcsheet. Ask for the answer and have 
a child demonstrate how to fijQd the' arTgwer using -the graph. 

Go through the same procedure?for 3 over (3 x 3)^ 4 over 
(4x3), 5 over (5 x 3), and 6, over (6 x 3). 



Da o'ther examples with lines of different slopes until the 
children Understand how to use the graph to multiply. In 
the next lesson the children will complete several worksheets^ 
of ihaltiplication -problems using graphs . -"• " _ 



-"1 . . ' 



Worksheet 33 
In It 25' 



Slope of 1*0 = 1 



4 





top luimeral 


> 'Up 


o\«r 


of slope nnme 




/ 


i 

, 3 ' 


': 3 - 
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= 6= - 
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=• ^ 






= IS • 




. -3- ' 


= IS ' 
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Lesson 17;^ MULTIPLYING WITH 5LOPE • ^ . 

In this Iqsson the childreh use their multiplicatipn machines " 
to find the ans.wers to multiplication proble'ms on'seveirar 
worksheets. , . . - 

MATERIALS '\ * . " 1 - - ' . 

^ - Multiplication .rrx^chine (in student manual) 

- Worksheets 34-4 1 ' ' . v. 

PROCEDURE 

Activity A - - ^ " , , 

^ * In the back of this manual and the student manual there is a 
two -page fold out "multiplication mafihine. " This mfichine 
is B graph of lines with slopes one per one through nine per 
one. With "this chart the children pah multiply any combina- 
^ tlon of numbers up tp 9\:x 10, .t,^ - ' 

The grid units on this chart-are rectangles rather than, squares 
For the purpo'se of multiplying it makes no difference what ■ 

' size or shape the grief units are. If the children notice this ^ 
and wonder about-it, explain that the shape- is-not important' 

_ here,, ■■'You should say "units" and not squares .-^i — - - - 

J;- _ _ ' _ ■• ' 

' - / 'Review the procedure for ■usingrBifs'chart; If"^ chn9~wanfs 

to multiply 9, x 7, he uses the slope seven (per one) line. .H'« 
■finds 9 on theihorizontal axis, follows the grid line .up J:o the 
slope seven (per one) line and then follows the Verticafgrid^ 
line over (left) tq the vertical axis.' The number there will- 
^ive him the^prpduct", 63. •» v 

.Have the children complete Worksheets 34 through 40 using 
•» this chart. You may want to work one, problem from each 
worksheet to get the children started, but they should com- 
plete the worksheets independently during class. Qheck the 
children's work from time to time to make sure they are using 
the multiplication machine correctly. (Worksheet 4' I is op- 
tional and goes with Activity B.) ■ . * 











WorkjWt 34 • 


* * " •* ' I- 


IT- 
I 


'Look.at your ami tlpl Ic^t loii atachlntj." » t 

t'slnx a line with slope JlliAli.^^'(?TlA% you can 
milttply by 3. - ' ' 

U«e your*onjl t Ipl icntion ruchlne to MtorK^th^se 
p'robleos:' 








o 7 X 3 = . C^*' 








^ 




















Cflin« a line with ?lop«'2^ you can multiply by,-j2J; 








8 X 2 = - / .^^ - 








10 X. 2 = 






4x2= 


.0x2= ^ 






- -«» . 


> 
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Worksheet 35 
Unit 25 



Look* at theaift pr6blem«; 4x6, 

.7^x 6, , • " ^ , . 
9x6, 
3x6. 

K \ - ■ ■ 

To rind.ttie products of these prol}lems you should 
use the Une with the *i nn^ ^Ay pkfL Of<i^ This 
will h elp^you raultloly hy pJ^f^ 



Use your multiplication inachlno to do the problems 
below. 



^ ; fi = 


1x6 = 




5 x^6 =. 


Q V fi = t^^^ 


---^ X 6 =^ 


3x«=; 


8x6 = 



.30 ' 




Activity B (Optional) . . ' - 

-In this., activity you demonstrate how to multiply by miked ~ 
numbers using the multiplication machine. Multiplication': 
* involving fractions is usually notlntroduced in third grade, 
but is provided here for those children who show special 
/interest and ability in mathematics. ' - 

The multiplication machine "cFn beirse^^^^ to-^rhultiply-a-whole 
number by a mixed' number in the same way it is used^tq 
multiply two-Whole numbers. (See the diagram on thS'-next 
^ p^ge.) ^ " '^ '^ 

" ^ Tor a problem such a^^ 7^ x 2, you use the line with slope two 
per one\" tind 7| on fhe horizontal axis of the grid. Follow ' 
the 7^ position. up: to the slope two per one line. Then follow 
the grid line over (left) to the v.ertical axis to find the pro- 
duct, 15. • ^ . V . , . . 

- . -iviultiplying^rnixed numbers is 3[ little ^nore difficult with:the 
machine because often th'fe re are nd grid' lines to fol^jpw for 
the halves . Show Jhe children, how to use a ruler to f ind thS 
__positi6n of, sayv 5| on the slope three per one Uriel 

-JSome multiplication .problems involving mixed numbers result 
irr a product which is also^a mixed number. An example is <^ 
5^ ){ 3. The procedure for finding the product is -the same as 
for multiplying whole ^numbers. . Locate 5^* on the horizontal 
' scale. Follow tha 5^ position up to the" slope threg, per. one 
line. (This p.Qiiit is between two .grid lines..) Follow this , 
" point over (lelt) to the horizontal axis ^ The positipn on the 
horizontal axis is between 16 and 17; the product is I 6|. 

Worksheet 4 Lis an optional worksheet for those children who 
would benefit from an introduction to multiplying mixed num- 
bers. It includes only two problems whose prod[ucts are,not. 
whole humbers . 



Activity C (Optional) 

♦ - • * 

^ , In activity the children learn how to use the "multiplica- 
tion rhachine" to work division problems. You may want to 
try a few div^ision problems with the whole class* or with just, 
"those children who are ready for division. You may choose 
to use this activity some time later in the scYiool year./ 
Encourage. the children to save the multiplication, charts to ' 
^ use all year long. J" ^ \ 

Using the lines of different slopes, tire GhildFen cajj'dmde 
any number on the vertical, axis by any slope name ^nd find;- 
• * the answer on the hpjrizoiftal.axis,. The procedure is just thie 
opposite V tfiat^used/for multiplication. ' Choose Rrol)lems 
^ with answers that 'are .whole" numbers or mixed numb.ers involv- 
. ing oriB**-"half . The diagram below illustrates how tp find the 
^ quotient'pf 20 -r 2. 



Lesson 18; CIRCULAR MOTION ■ " ; . " . . . 

— «^ 

^ The chi'ldren race their ears on a circular track for one revo- 
-lUfion, They are asked* to determine whether the car goes ^ 
faster when^t is modified or unmodified. Since one revolu- 
tion Isra fixed distance, the? children must record the time 
'duration of one revolution to determine in which trial the car, - 
- went .faster. Tlie time is the variable in this race in contrast 
to previous lessons in:which-time was constdiit (five seconds) , 
arid. 'the distaoQ© varied. ^ 

MATERIAIS . ' ' * . 

for each group — " " * 
* * « ... 

- racing space ^ - \ 

- car (and' equipment to modify car J 

- 2 two-iricl^ paper clips 
--28-inch siring* « ^ . ^ • 

- masking tapis 

-~ pendulum - , , / . 

•- Wbricsheets 42 ar1<i.43 , . " ' " 

PREPARATION ' • , . '. . ■ \ 

Bend one end of a two-inch ^aper clip so that it is perpendic- , 
ular to the rgst gl the clip. * Tie a loop in one end of the string. 
Tie or tape the .other end of tlje string to the side of the car as 
shown and tape it toward the* front of the c^r when you tape 
down the> batteries. Tape the paper clip firmly ,to*the floor and 
slip the loop end ,of the string ovqr the eVtended,'end*o£ the 
paper clip. The string must be 24 incKes from the car to the 
clip. 



PROCEDURE .. ■ " ' ' ' .. > 

Tell the children that they are, going. tQ lexperirn^nt with.pir- 
- cular motion. - Explain what' is meant by a^circ.ularmotion ^ 
race. The other races have.bpen liheaf -r-the cars and the 
• children ran ia a, straight line, starting .at ;pne"^plaGe and . 

ending at Another.. In this race the car will travel in a circle, 
and will end up in the same place it started;. • Explain that 
the teams willVun their races on & circular track/ ' . ' ^ 

\ Show^the children th^ new §etup->^ explaining how to'tape the . 
• p^per clip .tp the flpbr and^loop- theVstrihg over the c-Hp. In 
this race there will .be a timef , starter; recorder and one 
' , judge. (The children will have to take turris dping-^the, j obs . ) 

pmphasjze'how fhis race differs from prjevipus fcices.. The car 
will^ run^for 'a fixed distance— r' on<^'^r^ybltiti*bn of*"th^ track,{ 1 2^ 
feet).^ .The judge will record thj^ 'number of coupt^(segonds) 
it lakes J:he car to travel one r.eXolutioix/*"Th^ judge must; 
listeiv-cldsely-to the timer^and note" at what.pA^int the front 
of the .car returns to ^he.^tartih'g li^rie. He tells the recorder , 
. this datum i;' . ' ^- ' 




{ 

0 
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Vork!ihc«t 42 
(nit 25> 



CIrculftp >totlon Record Sheot 



Unnod tried 


o 

WhtfelySlraUht 


Trial I 


' 1 * sccoiuls 


Trial 2 


seconds 



fiwrnxllf l«d 


^»heeli» Turned In or Oiit rrc r.£r«f 


Trim 1 f 


secondii 


Trlftl 2 , . 


♦ 

Hecoi^dH 




^Hllfled 


Wheels St Mighty 






Trlnl 1 


seconds 


Trim ^ 


sec(/nd« 


' — 



Worksheet 42 is the record 
sheet. ^h$\ecorder should 
bnng'the>\^rksheet to the' 
racing area. Each team runs 
three races, two trials of each 
' race.. The first race is with 
an unmbdified car wit1i its 
. whe^Us straight. The' second 

race is t-»e unftiodified car with^/ 
' nhe wheels turned either in of 
out. /Havd two teams do it one 
way and" tvjfj^o teams dp it -the , 
ptbeti- Mak^ sure each recorder 
indicates pn^the record-sheet 
.',lAfhether th^ race w^B done witlf 
the wheels in qr^but. The third 
race?ls with a modified car with 
straight whee'ls. This informa- 
tiorju-is t)n tb^wprk^hee|:>; Before 
going tb' the racing area show 
, the children how to turn tjie 
JWheels bn tl^e'car. If thd wheels 
'of yo^r car cannot l?e turned*, \ 
omit. this race. 



Before the children rUn the races'you should discuss the first 
two points beldw. - When the children return.from the races, 
again discuss'the -first twb points and' also the third. 

I* How long will it (did,iti*take for the unmodified Jjl'r to go ' 
' around the track once? When tlf\e car is modified ho^. 

long win It {didit)-taker fn order to determine the speed, 
^ of^the cars, the children wilFhBve'to find a way to d^ter- 
. ^'^mine how long it takes the car to maJ^ one revolution, • 

Lead them 'to- see that this, is* dope by constructing ^ ^ 

starting line*, starting the car at th^t point, aftd noting'. 
• at what count the front of the caPcraaches the starting 

line after going one revolution. ' \ 

2. What happen? to the car when the wheels ars turned In 
• " toward. the center? ,what happens when they are turned 
*' out away from ^he center?. When they are straight?, . , 
Does the speed change? What reasons can you think of • 



for what you hav6 observed? If the w'.eels on your cars. 
ido not turn you can eliminate this discussion or let the 
. children speculate about what might have happened. 



3. if we plot the data lor the two races with the wheels ^ 
straight.,- .Which. graph* would ha^ce a stepper slope, the. 
one for%ie inodified race or for the unmodified race? 

' ^Tl:\p car went the same distance (one re^volution equals 
124 feet) each time. ' '* ' 'j 



Have the children test their pcedictions by graphing the data 
for the jraces (straight wheels)^pn Worksheet 43. 



Worksheet 43 
Unft 25 



^ ClrcuUr Motion 
(ivodlf led iM unmodified c«r wheeU ttrallht) 
dlet«nce of or; revolut Ion 12 i feet 
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Lesson 19: PREDICTING RACE RESULTS. 

In this lesson the children user, their racing experiences to 
help them solve prediction problems. In previous linear 
races^ the children measured hdvy many feet they er the car 
^ , went in a fixed amount of time* Now they will be asked to 
* examine the data of previous races (especially the data of 
the unmodified car with rhultiple timing), and predict how 
long it Will take a car to travel a fixed distance, 25 feet. 
\ Some children might realize that, if their car went 15 feet in ^. 
^flve sedonds, it should, go '25 feet in about eight seconds 
since it traveled at a rate of three feet per second.- From 
the -children's predicti^ons arid the discussion of results,, you 
should be able" to eyaluate what the children have learned 
about the relation between distance, time and speed. 

MATERIAL? ^ . n ' 

for each team — 

— racing space . ' \ 

^ ' — car * " ■ ' S • 

measuri^ig string ^ ^ - 

• , — guide* string 

- masking^tape ^ . ' 
pendulum T ' . . 

— recording sheet ^ . ^ . » - . 

- Worksheet 4'^ ^ • 

> 

PROCEDURE * • 

Discuss with the children the idea that one way gf determining 
' the s^eed of the car is to rajg^^^it for a fixed amount of time as. 
^ they have done in^previou^essons.^ Ask them" how they knew 
which car went fkstegt, -Answers include: the one that went 
the farthest; the c/ne that had the graph with the steepest slope 

Now ask the childr6i;i how' they would determine the fastest car 
if they raced each carior 25 feet — a fixed distcuice rather 
than a-fixed time. Give the example of runnerS racing to a 



finishing line (a fixed distance). TKe children should know 
from experience that whoever got to the line first (in the- 
shortest time duration) ran the fastest. 



Worksh«et 44 Name I 

Unit 25 



Tesa: 


duttnce traveled 


njltlple tlned 
race with 
unmodified car 


1 sec 


2 i-c 


3 sec 


4 sec 


5 tec 












trlal;^ 



I predict that the car will tAke 
to Ko 25 feet. 



seconds 




Review the jobs of team 
members. In this race, 
the judge will, sit by the 
25-foot mark and take 
note of the count when 
the car reaches that mark. 
The recorder enters the- 
number of seconds for 
each trial on his record 



Have each team sit together. 
The children should turn to 
Worksheet 44 in^their student 
manuals^ Ask them to look 
at the data for the multiple- 
timed unmodified race which 
is recorded there. Can they 
use this data to predict how 
long it would take their car 
fo travel 25 feet?^; (If any 
car went 25 feet in five sec-* 
onds in previous lessons, 
you may want to change the 
distance.)^ Do not tell the 
children how to predict, but 
.allow them plenty of time to 
discuss thfe problem. Have ^ 
each child record his predic- 
tion on the worksheet. 





Time duration for a 
25 -foot distance 


f 

Trial 1 


seconds 


Trial 2 


\ ^ 

seconds 


Trial 3 


^-i 

seconds 



sheet. Have, each recorder make a record sheet like the one' 
-on the previous 'page. H^e the teams' set up the equipment 
and run three 2 5 -foot trials . ^ . _ 

When the races are finished, have the children compare their, 
predictions with the results. Ask those children who predicted 
most accurately to tell the class how they went about making 
"their predictions.- Lead the children to see the relationship 
bettveen how far a car traveled in five seconds and how long 
it took a par to go 25 feet. . Jf some- team correctly predicted 
a time. duration according to the data, but the results did not . 
bear out .the prediction, ask them what might have^happened. 
(The timing,, starting or judging procedures might not have been 
accurate; the car batteries may have worn down since ^he pre- 
.vious race,- etc.) Encourage the children to make other pre-- 
dictions such as how long the -car would take to go 30, 40 or 
50 feet. ' 



4v 



SEC no\ 3 



I MULTIPLICATION 




PURPOSE .V 

- To review repeated addition and arrays as embodiments of 
multiplicatiOT* . ' - 

- To introduce the relationship of Cartesian products to 
multiplication • • 

" - To prbvide practice with the mu^ltiplication facts in game 
situations . 

COMMENTARY 

The last section of this unit reviews and introduces embodi- -> 
ments of multiplication' other than slope. Infections I and 
2 the children studied motion, and then the multiplication 
relation evident in a constant speed represented by a straight 
. V line-on-a-graph™rn-"thi-s section the ^children-will- st-udy mul-- 
tiplication relations^evident in repeated addition/ arrays and 
** Cartesian products: Games^are pi^ovided to give practice with' 
the multiplication facts, 

123 ■ ' .. . 




In Lesson 20 the children 
review repeated addition 
as it relates to multipli- 
cation. j\\e children print 
"trees" /with potatoes and 
tempera paint. Each tr.e.e / 
has' five branches, illus- 

' t rating how repeated addi- 
tion of fives is similar to 

' multiplicatiQn hy^ five • 

'Worksheets and folding 
number lines illU'Strate the 

. similarity of repeated ad- 
dition and multiplication. 




Lesson 21 reviews arrays ' . ^ 

and how repeated additi^^n <t ^ 

can 'be illustrated by.a^n 
array of a certain number 
of sets each with the same* 
number of members. For . 
example, 3 • 6 can be found 
by adding 6 + 6+6 and can 
be illustrated by drawing 
an array with three rows and 
six objects in each row. 
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In Lesson 22 the. children learn' some bard games- that review 
/ repeated addition, use arrays and also give practice with 

* multiplication facts. The children, should play these games 
as much as possible. . ... /" ' 

• Lesson 23'introduces the Cartesian. product as the set of all 
ordered pairs that can b'e made "by^pairing every member of 
one set with every member of another set. Cartesian products 
are related to 'multiplication in that the total number of mem- 
bers in.the Cartesian product of two sets is the same.as'^he 
product of the num'ber of mdmberfe in the first set and the num- 
ber of members in the second set. Worksheets illustrate 
situations where finding a Cartesian product is desirable.- 
The children will work more extensively ;ath arrays and Car- 
tels ian products in Unit 27. . ' 

Lesson 24.introduces dice games that provide more practice 
with jTiultiplication facts. ^ The Sice games (and the'card 
games) should be played Mten because they provide a fun way 
for the children to learn the, multiplication facts. 

This -section of the unit is intended tp. ,show the children em- 
bodiments of muitiRlication other than slope: repeated addi- 
tion, ^arrays and Cartesian products. The children should see 
how these embodiments are similar to the multiplication rela-^. 
ti on evident in slope, and' th^t there .are many methods df , 
finding the product of a multiplication sentence: a line with 
a certain slope on a graph, repeated addition, drawings rrays , 
etc. The children will realize that it is miich easier to mem- 
„Qrize the b^sic multiplication facts rather than drawing an 
array or adding repeatedly, but they should 'be aware of these 
devices and their value in finding the product of a multiplica- 
tion fact that has been forgdtten. The games provide an ex-- 
cellent opportunity for the j::hildren to memorize the s ingle - 
digit multiplication facts. 



Lesson 20: REPEATED ADDITION - 



This lesson reviews the idea that multiplication is much li^ 
repeated addition. ' The class prints .trees with five branche^ 
and fills out a-repeated addition-multiplication chart, making 
' . new entry as each' new tree is printed. -» Worksheets rein- 
force the relation between repeated addition sentences and" 
^ multiplication sentences, v Then the children use the printed 
tcjses to fill out a parallel number line chart. 

MATERIALS - . . ' * 

- potato , ' " 
.," , - knife' , „ ' " 

- thick. tempera paint 

_ - scrap paper^' : " 

- sheet of paper at least 2 /feet long * . ^ 
1-^ marking tape — - 

- felt tip pen 

- Worksheets 45-47 

PREPARATION 



^Cut a potato in half, *Cut a "tree" with five branches in one^ 
half of the potato as shown. The potato will be easy to, hold 
if you cut ,two grooves in the back for a handle. ^ 




Number of Branches on Each. Tree 


Number 
of trees 


Total number of branches 


Multiplication' 
sentence . - 


0 






i 

I 






2 


J 




3 






4 


. .■ ■ .■1^>- 










6 


* 




. It 

7 






8 






9 


\^^^^^ 4 




10 
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PROCEDURE \ ' . • - ^ ' 

Activity k ^ ; * ' • 

Gather the children in fror^t ofthe chalkboard. Using a piece 
of scrap paper taped to the chalkboard, show them how to ^ 
print with the five -branch potato by dipping it in thejpaint, 
placing it on the paper, pressing hard, and carefully lifting 

ifoff., ; \ ' ' 

Explain that the class is going to print five-branch trees, and 
write in "5" at the top of ^ the chart. Pointing to.the> zero in "^'r 
the number of trees column, ^ask the children how many branches 
there are on zerp trees on the strip of paper. Put a zero in- the 
number of tiranches coluran on the cjiart. ^In the column for the 
multiplication sentence,- write the numerals in the' appropriate < 
, boxes: 0x5 = 0. Discuss the meaning of the multiplication 
sentence. * ' t 

' Now have a child print the five-branch potato at the left end ♦ 
ofthe paper strip. Anolther child should nuihber eacVi branch 
• and number the tree using a felt tip pen. , 



1 



4^ A 



4 * 



Have the children help you fill in the row on the chart for one 
tree. . They can look at the potato print for information/ 

Ask a" child ta pr|Lnt a second five -branch tree next-'to the first 
tree.. child should number these branches consecutively., 
and number the tr6e . Till in the chart for two trees . Remand- 
the class that 5 + 5 = 10 is ja repeated addition' sentence/ , , 
•F0II9W this procedure discussing the'addltloa:and. multiplica- 
tion sentences each time, until the 'children Kave printed TO 
trees,. Label- the top^etthe tree strip •'total number of branqhes, 
and the bottom "number of trees • " • ^ - ^ 




The completed chart will look like this. : 



Number of Trees 



Number of Branches on Each. Tree' "-^ . 




Total'nyimher of branches 


<— 


0' 


0 ■ , 


0x5=6 


1 




. hx5=5 


• 2 


^ — — ^ 

5+5 ■ . 1 


2x5=1 a' 


3 


. 5+5+5 


. 3x5= 1 5 


4 . 


■ 5+5+5+5 ' 


4x5=20 


.5 


5+5+5+5+5 ^ 


5x5=25 

1 


6 


'•S'+5+5+S+5+5 


.6x5=30 


' 7 


5+5+5+5+5+5+5 


' 7x5f=35 


' 8 


5+5+5+5+5+5+5+5 


.8x5=40 


9 


5+5+5+5+5+5+5+5+5 , 


. ■ 9x5=45 . 


!0 


5+5+5+5+5+5+5+5+5+5 


10x5=50 



Multiplication 
Sentence 
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♦ Have the children turri to Worksheet 45. This worksheet 
presents sets of trees with a different number of branches 
on the trees in each set. The children are asked to give ' 
the number of branches on each tree, the number of trees, 
and the multiplication sentence that the trees represent.^ 
Work 'the fi|^^t problem with the children^' then let them com- 
plete the worksheet individually. They can then go on to ' 
. Worksheet 46. The*sec*ond problem ori this page has no^ 
trees in^^he box. This, is an instance ^f multiplying by zerc^. 
If the children are puzzled, the class may want to discuss 
' * this plobleni. ^ ^ • • . - , 



6 




V « 


A 




*• 

i 


■ o 








Worksheet 46 ^ .}Uimc , 
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Activity B ' ^ \ 

* . ^ ^ • ^ : 

Put tlie chart of prinfed fivS-brarich tre^s in a placQ where 

the children can see'it. Draw parallel number lines-on the 

chalkboard and label the bottom number line "Number of 

trees. " This Jine should be labeled. 0-10 at rather wide in-- 

tervala^ The top line should be labeled "Number of branches/" 



N'Omber of. Branches 




3 _ 4 
Isiumber 



'6 ^ 



T 

9 



10 



of Trees 



Ask the children to help you fill in the top number line. For . 
zero trees, tt^tere ar.e zerp branches/ For one tree, there are 
five branches. Put! a five pn the top number line above the 
one on the bottom numbe/ line. You iriay^want fb^di^w slashes 
for each of the branches between zero and five. Continue' 
filling in the top number line with the children. When the 
tenth Set of branches has bfeeri filled in, ask the, children if . 
the chart could be extended. ' * , 

^ ' J * • ^ • ' . \ 

IF THERE WERE ELEVEN TREES'i^ H^OW MANY BRANCHES 
W0ULD7HERE BEf (55.) • \ , 



This cpmpleteci number lines will look like this: 



Number of Brariches 



0 \ 5 10 15 20 25 30 35 40 45 50 

1 II n I Mi 1 1 I M I In I il 111 ill 111 i in H II III I I Mi I \\\V 



1 F 



T 



T 



3 4 5 6 7 8 ^9 
Number of Trees n \ 



10 



/Discuss with the eh|ldren the fact that we can use repeated • 
^ ' addition to multiply; and 'that this can be*sRbwn with parallel 
number linesl ^hen c^paring this method^ to using the mul- 
. tiplication chart, the child/en should find that repeated addi- 
. tionls rather slow, , ' ^-'^ ' , ^ 
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tork«he«t 47- 

Unit 25 




11 '^TZ^ 

i ^ 



1?. 



.1 



•.Activity C ' • 

Have tKe children turn, to 
y^orksheet 47 and cut o\x% * 
tha-tree diagrams along the 
d(^ed' lines • As k them to 
•* iodk ait Ih'e diagram ^:With'*^' 
three bfahches'on'e^ch tree/ 
The trunks ^ard^nu^^lber6^*; ; ** 
.consecutively along the ^ *. 
bottom number iine^rand 
the branches 'are numbered ^ 
consecutively along^'-the • \ 
top nunilieii' line. Show the \ 
children how to fold bagk • 
the p^apef along vthe" top num- • 
ber line aV stiown. \ * 



* « 



Numlber of branches / 
0 3 6 9 12 15 18 -21 24 27 30 33 36 

V// ///////// /////////// ////////////// 




Then show them ho>tD bring th^^ top number line down to the 
bbttaai^umber line. Have theyn crease the paper to m'ake it 
easier tb handle. * / 



1B7 



s'econd 
' fold 




Number of branches 

3 6 9 12 15 18 21 24 ^27 30 33 36 

I I J l I / 1 1 J ( f J ( ( / ( ( / ( ( / 1 ( J( t Ji i / ( i / ( i / 

J 2 3 4 5 *6 7.8 9 1 0 I I 1 2 

Number ot trees 



Now only the tips of the branche^ and the bottoms of the, 
trunks .show alony one number line. It is easy to see thatr ' 
on three trees there are nine.branches , on ten'''trees there « 
are 30 branches, etc. 

Have the children cut and fold the eight-branch tree diagram. , 
Discuss it with the class, and let them use it to find the 
number of branches on various numbers of trees . 
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Lessort'Zl: REVIEWING ARRAYS 

One method 'Of findings the product of two re,al. numbers is by 
interpreting multiplication as repeated addition. For example, 
3 • 4 canie found by adding 4+4+4. Repeated additiX)n 
can be thought of as the combination" of equivalent sets (in ' 
this example, combining three sets with four members each). 
,When multiplication is thought of in this , way, it, can be given 

^ a simple physical representation by building an array. . 

<• * 
The children^were introduced to arrays in Unit 17, Introgjiucing 
Multiplicatidn and Division ; This iesson reviews the arrays - 
as one multiplication algorithm. This review will prepare the 

' children for the extensive' use of arrays in Unit 27, Numbers 

" and Their Properties. ' ' , ' 
— - «f 

- 20, counters breach child (toothpicks, bits of paper, golf 
tees, etc/) 

- Worksheets 48-52 
PROCEDURE 

.„ Activity A . " ^ 

Have the children turn to Worksheet 48. Read the worksheet 
with them and' have each child build an array with his counters 
so that he gets the physical experience of building an array. 
Discuss any of the questions that, the children haye trouble 
v^ith. Stress the fact that in an array, each row the same 
number of objects. When the children have finishedvthe work- 
sheet, put a simple array on thfe chalkboard. Have the chil- 
. . dren determine the number of dots in fe'ach row, and the num- 
ber of dots in the whole array. Then have them do Work- 
sheet 49. 




»orkj)heet 46 
Init 29 



This is an array. Arrays have rows. 



• • • 

• • • 

• • • 



' This it a row. 
Thtt it a row. 
Thla'iv a row. 



Bc«A 1(0 across. 



In this array, there are. 



^5 

^ rows. 



Mftke a different array with your counters. 



In my array, there arc rows. 



Name. 



worksheet 49 
Unit 29 



These are arrays. Fill in the blanka . 



• • • 

• • • 

• • • 

• • • 


▲ ▲▲▲▲ 

▲ ▲▲▲▲ 

▲ ▲▲▲▲ 




i rows 

-si objects In 

each row 


-^L rows 

Jk£ objects in 

. each row 


-2 rows 

J^^objecti In 
each row 


MfMI 
MMM 


> 

I 


f Hi 

ifit 
iiii 


i-i rows 

-Jt objects in 

each row 


i 

' ro«n 

X o^jmi-tm In 

•ach row 


^ rows 

objects in 
each row 
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Worksheet 4a "(Cont.l 
Unit 



In thii'array, each row has ione objects fn'^t. 



Row t has 


4i 


dota. 


Row 2 haa 




dots. 








Row 3 has 


4 


-dota. 



Does each row have the tame number of objecta in it? 
{^») No * 

In the array above, there are 3 rows with^^L^dots 
in each row. 



There are. 



dots in all. 



In oy array, there are rows with objecta 

in each row. 

There are objecta in all. 



^Activity B 

^]^t the multiplication probldm 
5\ 4 on the board. Ask the 
chiWren if they could make an 
array to find the product of ^ 
these two numbers. Explain ^ 
that the first number of the 
problem represents the number 
of rows in the array and that 
the second number of the prob- 
lem represents the number of 
objects in each row. As chil- 
dren suggest arrays, put them 
on the chalkboard and ask a 
child to find the number of ob- 
jects in all. He may do this , 
by counting each dot. Suggest 
that there is a faster way. 
Since there are the same num- 
ber of objects in each row, we 
could use repeated addition to 
find the product. 



1A C\ 



Write the repeated addition sentence next to the correct array. 
Your work should look like this: 



4+4 + 4 + 4 + 4 = 20 



^Put a new array on the chalkboard and have the class give you 
the multiplication sentence that describes it. Remind them 
that the first number in the sentence describes the number of 
rows and the second number describes the number of objects 
in each row. Have the children complete Worksheets 50 and 
5 1 . You may want to help them 'with the first problem on each 
.worksheet/ 



Work»htet 30 N*»» : 

Unit. 25 

W« can i»e-«rr*y» to .how ■ultlplic.tlon •ent«nc«». 
Writ* » ■ultlpllcatloo »entence to dt»crlb« •«c^ 
*rr«y. 



• •• 

• •• 

• •• , 


• •••• 

• •••• 

• •••• 

row« nuMtxr in ^ numM* 
•*Ch row in all 


• • 

• • 

• • 

• • 

, , /JL 




low* ftajntm 1& nuioet 






• 
• 

• 

• 

row* ftuml>«r Ift ftunb** 
«ac>t tow tn «lt 



Worksheet 9t 
Unit 29 



Drtw an trray In «»ch box« 

ReneiiAMr: Ttie f Irtt number U for rbwt, the pecond 
nuiiber U for the number In each row. 



4x2 = 5 



< 4 
• f 



6 X 3 = 18 

* ■ < 

* • * 

* ^ ^* 
0 • • 



2 X 9 - to 



3 X 4 = 12 

# 4 « t 

• • • • 



7x1=7 



3 X 9 Si 19 



f # # 4 • 
§ ^ • • • 
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Activity C 



Put a simple multiplication sentence, for example, 3 x 2, on 
the board. Explain to the children that instead of using the 
X for a times sign-, it is often better to use a dot. Erase the 
^ from your problem and replace it with a dot, 3 • 2. Tell 
them that from now on, they will be using a dot instead of ar 
X in multiplication sentences, , . ^ 

R^ad through Worksheet. 52 with the class. The children should 
discover that they can find the product 'of the two numbers by 
drawing arrays-, though they will find that this is a slower method 
than using, their multiplication machines. 



Works bet t 52 

Unit 29 



N«ne_ 



Mittipiy. Draw arrays only If you n««d to. 





..... i1 


\ 

6.S= 


ill 


* 
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Lesson 22: MULTIPLIC AtlON CARD GAMES 

In this lesson the children will learn several card games ^t 
provide practice with repeated addition, arrays and multipli- 
cation. The card games are played with special cards that 
are included in the back of the student manual and teacher 
manuall Each child will have his own five decks in case he 
wants to take some home. Each -deck has a distinguishing 
mark in' the lower right corner so" that the decks can be sorted 
if they get mixed up. Each deck consists of 30 cards with 
repeated addition sentences, multiplication sentences and 
arrays that match. The children will-leam the games in this 
lesson, and then should play as often as possible to provide 
practice with multiplication facts. ' 

>> . . ' • ■ . 

MATERIALS 

■ — for each team — 

- I deck of cards ^ • 

- pencil and paper 

- space to play (table, floor, or desks) 

— for each child — 
■ - 5 decks of cards (provided in student manual) 

- 5 rubiaer bands • , " . • 

f 

— . envelope 

PREPARATION' " ... 

* 

eAre class begins cut up the five decks of cards in this 
mlmial and the five decks from one student manual. It will 
save time to cut these on the paper cutter. Ten decks of 
cards will be enough for this lesson. The other- children 
■can cut up their card's during free time or at home. The chil- 
dren should put a rubber band around each deck and feeep the 
five decks in an envelope.. The children may want to put 
. ' their initials on the back of their own cards. Your five decks 



and at least five other (^cks should remain in the .classroom. 
Etch child may want to take a couple of hi.s own decks homeri 



PROCiEDURE 

' These games involve matching multiplication cards with the 
correct repeated addition and array cards. For example, in 
the deck marked with triangles, there is a 5 • 6 multiplica- 
tion card. The n^tphing repeated addition card has on it: 
6 + 6 + 6 + 6+/. The matching array card has an-, array of 
dots with five^ows and six dots in each row. In each deck^ 
there is a bonus card that matches a multiplication card in 
place of the repeated addition card. These bonus cards are 
for multiplication cards that involve one times some niimber. 
For example, there is no repeated addition sentence for 
I • 7', Therefore the bonus card repeats the multiplication 
card and is to be used in place of the repeate'd addition card, 

. The mathematical reason for this is that there are no repeated 
addition sentences tha|: illustrate multiplication' bi^*zero ior 
one. . \. ' ^ 

'r^ Introduce the /games in any way you wish. You may want* to 
teach one game at a time to the entire class, or you may 
want to start different teams on different games and then let 
the children teach each other. 

Multiplication Rummy 

Two, .three or .four children play , this game with one deck of 
cards. Each player is dealt five cards. The rest of the deck 
is tumed^face down^and used as a draw pile. The dealer 
turns the top card fece up to start the discard pile. The ob- 
ject of the game is to be the first player to get rid of all his 
cards by laying down matching pairs and triples (of multipli- 
cation, repeated addition and array cards). 

The player to thg left of the dealer begins the game by draw- 
ing a card from either "thd draW pile or the discard pile. He • 
lays down ^c^ up in front of him) any pairs or triples he 
can make, and discards one card*. The nex' player draws a • 
card from either pile, lays down any pairs or trip lea, and 
discards oae card. If any. player has the third card to a pair 
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* some other player has put down, the player with tlf^, third 
card puts .it -down (face up) by his ov{n cards* ' Ke can do 
this only during his tuim. 

♦ 

If any player thinks another player has not matched the card's 
properly, he should challenge that player at the time the pair 
. or triple is placed on the table. The, child who matched the 
cards must explain why he thinks he is right. If he is wrong, 
he picks them up and loses his turn. ^ " v • 

When the draw pile is gone, the dealer shuffles the discard 
pile ^and makes it a draw pile. He turns over one card to 
start the new discard pile. The first child to "lay do.wn all 
his cards is- the winner. It does not matter how many cards 
the winner has matched, but only' that he got rid of all his 
cards first. ^ ' . . ' 

Multiplication Match 

/ 

l;hree children play this;game. The dealer deals out all 
cards from one d^ck. The "children arrange their cards face 
up on the table in front of them so that all players can see 
all cards. The object of the game is to be the first player 
to match up (in pairs or triples) all his cards. 

To begin the game, each child finds all the pairs or triples 
, - in the cards he has been dealt. He stacks each pair or tri- 
ple in front. of him face up so that one card from each match 
shows. Each child should keep his matched cards separated 
from his unmatched cards, but all cards should^be kept in . 
view. When the children Have made as many pairs and tri- 
ples as they can find, the dealer begins playing by drawing 
one unmatched card frorti'the player on his left and putting ^ 
it with his own cards.' Since the object of the game is to 
match up all unmatched cards, he should pick a card that ' 
will either make a pair with one of his unrhatched ce^rds or 
a thple with one of his^matched pairs. If he finds a match- 
ing card, he stacks the pair facgi^up or, if it is the third 
card , puts it face up with The matched pair. 

The children continue drawing one card, always from the 
player on the left, until one child has matched all his cards 
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. in pairs -or triples. Since each child must draw a card each 
turn, he shouid always try to draw one that can either be * 
- paired-with one he has or matched as the third card to a pair * 
he-already has. The chifclren will be able to see eyery play-., 
er's cards and will know which ones they-want. Since they * 
can only draw from the person on the left, sometimes they 
may have to wait several rounds to get the card they need. 

• The first child to match all his cards in Rairs or* triples is 
the winner. It does not matter how many pairs or triples he 
matched, only that he ha:^ no unmatched cards left. 

Keep the Card , ■ 

Three, five or six children can clay this game/ All cards are 
face down in one pile in tlie middle of the table^ The;object 
of this game is to get the most cards. 

One child, begins by" drawing th^ top card frorrr'the'pile. He 
examines the card/ shows it to tfie other, players and then 
gives either t) the product if he drew a multiplication card, >^ 
2) the sum if he drew a repeated* addition card, or 3) the mul-". 
tiplication sentence for an array if he drew an array card. If * 
, necessary, the children can use paper and pencil, counters, 
multiplication machine, etc. to help figure out the answers, 
but the children may want to set a time limit on how long each 
. player gets to figure out his answer. 

The players c^ challenge any answer they think is wjrong.. 
Phe challenger must say, "I think you are wrong. The correct 

answerMs When an answer is challenged both the, 

player and challenger must try to prove his own answer by 
drawing an^ array, writing a repeated addition senteace, or 
using the-multipUcation machine. If the player's answer was 
correct, he keeps the card. If the challenger was right, he 
gets the card. If both !he challenger and player were wrong, 
the card goes^ back into the deck on the bottom of the pile. 

The next player draws a card, examines It, shows it to the 
other players and gives the correct answer. Again, his. an- . 
swer can be challenged, ^f he gave the correct response, 
he keeps the card. TKen it is the next player's turn. The* , 
game continues in this way until there are no more cards ' 



left. Then each player counts up his cards. The winner is ' 
-the-player with the mos.t cards, indicating he gave the most 
correct responses. *• ' 



> 



In case of a tie, each player involved in. the tie tries to match 
his cards into pairs and triples. Each player gets two .points 
for each pair and three points for each triple. ' The child with 
the most points, wins the tie. This method of breaking a' tie 
depends mostly on luck rather than skill, so you may just 
want to have a game end as a tie. 
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Lesson 23: CARTESIAN PRODUCTS' 

A Cartesian product is 1^^ set of all .ordered pairs th^t can 
be made by combiiiipg every member of one -set witK'e.very' 
member of another set. Cartesian products are ^related to •> ^ 
multiplication in that the total number of members in the .Car-^ 
tesian product of two sets is. the same as tlie number of mem- 
bers in the first set times the numbe^^f members in the sec- 
ond set. . 

( 

In this lesson the children work with two simple situations 

which finding the Cartesian product is desirable. Though 
this process is discussed, you need notantroduce the term 
at this time. This lesson prepares the children for work with 
Cartesian products in Unit 27. 



MATERIALS . 

— crayons 

— Worksh,eets 53-55 
PROCEDURE 



Worksheet 53 
"Unit 25 

Cr»i>dma Urten ban good th!i\«<» to cat at her hou»e. 

One day she gave MoUy and To« chocoUte !ce cream » 
vanllU ice creitn, chocolate topping, cherry top- 
ping, pineapple topping, and butter<»cotch top^ing. 

Color the chart to find out how many different kind* 
^ of siDMlaeji they could iwke. 

ToppI ng 



Chocolate 



^erry 



Pineapple 



Butterscotch 




T^cy could «wike_8— >tliffer^"< nuinineji, 
I'd lUt tfie one with_ 



\ 
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Have the children turn io 
Worksheet 53/ Read through 
the top with them and let the 
children complete it individ-, 
ually. When they have fin-^ 
ished, a'sk them if the chart 
on the worksheet reminds 
them of an array. 

HOW IS IT LIKE AN ARRAY? 
("Ifhas rows, and each row ' 
has the same number of ob- 
jects as the other rows.) 
. HOW MANY ROV/S ARE 
THERE? (Two.) HOW MANY- 
■THINGS IN EACH ROW? 
(Four.) 

Have the class determine. the 
muljtiplication sentence that . 
describes this array. 
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Read W{>r}csheet'5'4 with the class* Have th0^il(«« suggest 
a way to show the* Cartesian product of the two set^ Draw 
the chart on the- .chalkboard and have the^hildr^n suggest and' 
demonstrate l^w^o fill it in. The Cartesian' product bere is 
the number'of ♦members in the set Df plants (two) t,imes the 
number of members in the set of condifions (three). The pro- * 
duct tells how many tests would have to be made to test every 
conditiorf on ?jach plant. 

' ' • " " ■ ■ ' C 

. During, the discussion o*f how to fill in the chart, you shoula 
. bring oi^t the fact that- with' this chdTrt, the-class can tell 
^whether or not every set of variables has been tested; In - ' 
order for a scientist ttf be confident of his results , he has to 
experiment with every possible combin^ion of variables. 
When the children have completed the chart so that every com- 
binatipn has been made, each child can copy it onto his work- 
sheet^Then read through the top of Worksheet 55 with the 
cTas^sand have the children complete it individually or in pairs. 



Worluh««t 54 
Cnlt 29 



In UnU 23, you tt»ted t»»o'klnd» of plant* i3t>. see. 
how toae condltlo«!» affected theo. . 

- ' ) . _ • • 

The <ct of pUnt«, hftO t«o owsberit. ThCfiC *crc! 
♦ Yyemh^r radish / 



2 w«ber« 



You u$tHl three, dirforcnt coiKlltloni. 
The ft««berfi of thU ^et »ere: 

I winber nolvture * 

I R«ei4)«r • !fwpt?rAture^ ] 

k * i wc»bef U«ht \^ 
' 3 5»e«i)er'* 



Worksheet 54 (continued) 

Drnw a chart to show how mnny tests you did li\ all. 
(Hint: It could be like the one on Mofk&hcet 93.) 



Wo auide 



. (d .test<i In all . 



■ 



1kork»hcet 55 
in It 25 



After >ou tested thv plants, you tes^le*! three dif* 
Terent^kinUs of anloAls to ^eo hov* 9(Apo conditions 
.affected ijHi«. 



This «et of aniMH hm! three K)efnl>ers. X^icsc'^crc: 
t 

I aember ©ealiiorCT beetle 

1 laeipber soHbuc 
**1 jpeirtwr e« r thworra 
^sL.»ember« 



TTie of eoiKlltloti^ you fcsted Here the same 
before* The acfshem of this set Here; 



1 mewber moisture 
1 a>ember temperature ^ 
* 1 pemtwr MkM J 




Worksheet 55 Continued) , ! 

Draw a chart to thow how many ten tt. you nuido Tn nil. 




We nwdo_L_tc»ts In all. 



df 



6£ 



/ 



/ 
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*Lesson 24: MULTIPLICATION DIC^GAIVIBS 



The games in this lesson provide' more .practice with multi- 
plication facts. The children khould be encouraged to play 
these dice games often. Teachers who do not have the dice 
from the third -grade kit, or children who Want to play at 
home, -can modify these games land use regular dice.^ 



MATERIA!^ 



— for each team 



\ 



-,two dice (one numbered zero [through five and one numbered 
four through nine) . * 

— pencils and paper . . \ - \ 

— for each child — \ 

- Worksheets '56 and 57 - . ' ^ - 



PROCEDURE 



Game i Math Madness 



4 



Divide the children into groups of three, four or five. Each 
child should have a pencil and paper. Give each team a low- 
numbered die.jj The object of the'game is to gain the most 
points before pn agreed upon Ume h^s elarp.sed or to be the 
first to reach li predetermine.; score. You or the children can 

decide which Ivay to play. 

I 

To begin the glame, one.child calls out a nuinber frotn one 



The child on his left rolls the die, multiplies 
the die times the number the first child called 
the group the product. If his answer is correct 
L. On4 chxld can be scorekeeper or each child 



through nine, 
the number on 
out, and tells 
he gets a poin 

can keep his own scor^. The children qah check the product 
using a multiplication machine, arrays, counters,, pencil and 
paper, etc. ;ij any player thinks an answer is wrong, he chal- 
lenges it and shows the correct answer. If the challenger' is 
correct, he gets the point 
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Now th^ child who rolled the die calls out a number. The 
player to his left rolls the die and multiplies the number on^ 
it by the number the previous child called out. He tells tha 
group the product and gets one point if his answer is correct. 
The game^ntinues in this way. The winner is the child who 
gets thetfiost points before an agreed upon time has elapsed 
or who reaches a predetermined score. 

Variations 

When the children are. able to call out the products rap- 
idly and. accurately , they can use the second die (four 
through nine) which will generate largef numbers. 

2. / The children can use both dice and multiply the number 

j on one times the number on the other. Each child writes 
/ down the product he generated on his first turn. After 
j his second turn, he writes down the product and adds it 
/ to the first product. After each turn 'he adds the product 
j to his previous total. If a child does^not mjaltiply cor- 
/ rectly (and is challenged by an opp.onent), he does not 
get to ddd anything to his running total. The child who 
' reaches a score of, say, 200 first, is the winner. 

3. The children can use both dice. The first child calls out 
"add" or "muitiply. The second child rolls both dice 
and does vvhat-the first child told him to do. One ppint 
is given for each correct answer. , 

4. The game" can be played with two-digit, numbers generated 
by multiplying the roll of one die times the roll of the \ 
other die. That product is recorded on h piece of paper. 
Then one die is rolled again, and the first product is 
mult^plied by this number. A child gets one point if he . 
correctly multiplies the first two numbers. and one more • 

/ point if he [multiplies correctly the second time. 

Dice Boxes 

For this game the children use'two dice and the score^^rds 
on Worksheet 56. Each child can use one scorecard or sev- 
eral children can play on one card, initialling the boxes 
they fill in. 

■152 
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To begin the game the 

first child chooses a 

number along either the 

bori2;ontal or vertical 

axis of the scorecard. 
I If he chooses a number 
/ from zero through five 
■ along the horizontal 

axis, he rolls the high- 
numbered die (and vice 

versa) . For example., 

he may choose 5 along 

the horizontal axis, and- 
- then roll an 8 on the 
'high-numbered die. He 

multiplies 5 • 8 and 

fills in the product, 40, 

in the correct box of 

his scorecard.' (If sev- 
eral children are playing 

on one card, he initials 

the box.) 

Then the next child 
chooses a number along 

None axis. (If several- 
children are playing on the same card, he carinot choose a 
number that has already been taken.) Then he rolls the cor- 

■ rect die, multiplies and fills in the product. 

The game continues in this \)\;ay until one player has filled in 
his v/hole card. (If several cMldren are using one card, the 
game continues until it is filleci in. The winner is the child 
who filled in thermost boxes.) \ 

A child could play this game by himWlf , keeping track of the 
number of turns it takes him to fill in ttie whole card. 

" Gcime 3 Dice Choice * 

For thi-, game the children use both dice and the'^orecards 
on Worksheet 57. Any number of children can play>v^ach 
using his own scorecard. 





\ 



One child rolls both 
dice. He can either 
add or multiply the two 
numbers to- generate a 
product or sum shown 
on the scorecard. The 
object of the game is to 
be the first player to 
cross out all numbers 
on "the scorecard. If a 
player rolls a 4 and a 5, 
he can either add them 
and cross out the 9 or 
he can multiply them and 
cross out the 20, 

The game continues in this 
way until one player has 
crossed out all the numbers 
on the scorecard. The chil- 
dren will realize that on 
many turns -they will not be 
able to generate a number 
shown on a scorecard or 
they will generate a num- 
ber that has already been 
crossed out. 



Worksheet 57 
Unit 25 



For variation, an ppponent could -call out "add" or "multiply" 
before the player rolls the dice. Then the player must add 
or multiply "the numbers according to what the opponent said, . 
A child could play this game by himself, keeping track of 
how many t|urns it takes him to cross out all the numbers. 
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14 



In the back of this manual and in each student manual is a 
letter to the parents concerning Unit 26, What Are Things 
Made Of? Please have each child tear out the letter and 
take it home a few days before you plan to start Unit 26. 
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UNIVERSITY 



. MINNESOTA SCHOOL MATHEMATICS AND SCIENCE CENTER 
720 WASHINGTON AVENUE S.E» » MIN NEAPOI^IS, MINNESOTA 15414 



OiyJc# of <A# Directdf ^ * 



Dear Parent: 

Your chilo will soorT begin studying a new MINNEMA^T unit. 
What Are Thiags Made Of? As the name implies, it is concerned 
with the great variety of materials of which objects are compos ,ed. » 
At th§ beginning of the unit, the children are going to take apart 
discaVded useless objects so that they can identify and sbrt each 
^ material. It would be most helpful if your child could bring a 
•few* broken tdys or useless articles to school within the next 
•few. days • ^ ' 

The most interesting objLects are those made of more tha^rLone ; 
material/such as a toycar made from metal, jilastic ^d rubb,er. 
Old utensils are also useful^ Some suggestions include wornout 
.metal-pans with wooden handles, broken clocks ajid discarded* 
pai-nt brushes . • ' ^ ' • . .» 

^- • •If your child could also bring a hammer, pliers or file, this would 
be helpfuL Care, will be taken to mark any tool so^that it can be 
' returned- ' ^ 4 ' * 

Thank you for your cooperation, I am sure your child is going, 
to enjoy this unit and will tell ypu about the different tests for 
distinguishing' one material from another. 

Gordially, 

- - Teacher 



